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ADVERTISEMENT AND 
DEDICATION. 



After the numerous books of late pub- 
lished on the subject of agriculture, and 
particularly those of Mr. Eirwan, Sir Hum- 
phry Davy, Sir John Sinclair, Sir Joseph 
Bankes, and others, another may appear 
superfluous ; but all who have read those 
different authors with attention, must have 
been convinced that however elaborate their 
works, there is such a discrepancy in their 
opinions on some of the most important 
operations of agriculture, as to justify an 
attempt to bring them to the test of 
a just investigation and comparison, by 
tracing their principles in their progre^ 
from cause to effect I am not a pro- 
fesisor of chemistry, nor an extensive 
A 2 
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IV ADVERTISEMENT 

practical agriculturist, nor the member 
of any learned society: and as it is the 
fashion of the times to attach great import- 
ance to such authority, some may consider 
me arrogant, presumptuous, and invidious, 
in attempting to intrude on the public my 
commentaries on the works of such estab- 
lished characters : but I disclaim any other 
intention, than that of ascertaining ^nd 
establishing just principles, and I cannot 
hope to induce any one to adopt my notions 
in preference to others, unless I prove 
theirs to be wrong. My ideas on the sci- 
ence of horticulture have long been before 
the public ; and the critics remarked on that 
work, that I was more bold than politic : 
but what sort of "policy must it be to deter 
an Englishman from appearing as the ad- 
vocate of truth and science ? If they mean 
that by my boldness in endeavouring to 
point out what I conceived to be.the errors 
of others, and to rectify that which I had 
proved to be bad in practice, I lost the 
patronage of thie Horticultural Society of 
London, they may be correct j for this, as a 
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body, I certainly could not obtain, although 
previous to the publication of that work, I 
privately submitted the same to some of 
the first public characters, and particularly 
to Sir Humphry Davy, and to the president 
.and council of the Horticultural Society. 
Sir Humphry very politely received and 
acknowledged the perusal of my papers, 
and with great liberality stated his admis* 
sion, that to that part of my work which 
related to the objects of his peciiliar study, 
he found no objection; at the same time 
excusing himself from giving an opinion 
(m the prad;ical part, by observing, he did 
not consider himself possessed of sufficient 
practical knowledge to give it importance, 
and expressed his intention to commend me 
to the president of the Horticultural Society. 
I dedicated my book to the president and 
society, and repeatedly applied to them for 
their opinion, and invited theipi to an in- 
vestigation of my demonstrations, but which 
they uniformly refused ! Nearly six years 
have now elapsed, and I have never seen 
any comment of his or theirs on it: however, 
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the public having done me the honour to 
have purchased the first edition^ and good 
part of the second, assures me it cannot 
now be aippressed ; and whether the im* 
provements I had established, were or were 
not received and treated as they deserved, 
time will show. Every man has a right to 
confide in his own understanding, and if 
his conscience does not accuse him of having 
presumed to violate truth, or pluming him- 
self on his fancied powers, to have imposed 
false and untried theories on the ignorant 
and credulous, he need not fear others. 
Fortune may enable pride and arrogance to 
smother truth and science for a time, but 
in a land of liberty these must ultimately 
establish themselves, however humble their 
immediate patrons. Although the Horti- 
cultural Society of London have refused to 
\ acknowledge the merit of my arrangement 
; and explanation of scientific principles, 
. they must ultimately adopt them, or be 
j left far in the back ground, and their gar- 
/ den exhibit a glaring instance of a want 

/ of candour and liberality in the directors* 
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ANB DEDICATION. VII 

Repeated observation and demonokrattve 
experiments have convinced me, that al*> 
though Sir Humphry Davy's analysis, and 
expositions of chemical principles, are cor^ 
orect and clear, in his application of them 
to agricultural practice, and in his infer*- 
ences, he is greatly mistaken. 

That although Sir John Sinclair, is copi*- 
ous and minute in his description of agri- 
cultural operations and practical results, his 
opinions and deductions are erroneous and 
inconclusiva 

That Sir Joseph Bankes, in his opinion 
and description of the rust or black blight 
in wheat, has mistaken the efiect for the 
cause, and thus misled the public in their 
endeavours to find a remedy. 

That Mr. Knight's opinions and exposi- 
tions, as quoted by Sir John Sinclair and 
Sir Humphry Davy, are hypothetical and 
fallacious. 

That Bakewell's principles and practice ^ j 
in breeding, condemned by Sir John Sin* ( 
clair, and neglected by the generality of ( 
agriculturists, are founded on true scientific ^ 
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• principles, and are the most correct and 
( beneficial that can be followed. 

That the practice of Jethro Tull and 
Mr. Curwen is grounded on just scientific 
principles ; although these are not recog- 
nised, or not explained by them. 

That the methods in general practice, of 
preparing and applying manure, are erro- 
neous and imperfect. 

That by the common mode of making 
hay, much unnecessary risk and expense 
are incurred, and the saccharine and nutri- 
tive principles lessened and dissipated. 

That every county in England may make 
as good cider as Hereford, Devon, or 
Somerset} and the apple treeff may be 
trakied so as never to be subjected to the 
injuries of being overloaded with fruit or 
snow, and without incurring additional ex- 
pense. 

And that the defects I have described 
being removed, and the remedies and prac- 
tices I have explained adopted ; much' in- 
crease, and more certainty in the produce 
of the land, may be obtained. 
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Then, under such convictions, ought I 
to fear being censured as obtrusive and 
presuming, in thus offering myself to the 
public ? I know, among the practical agri- 
culturists, it is a prevailing opinion, that 
no good arises from attending to theorists. 
To these I will beg leave to observe, that 
however repeatedly they may have been 
misled by theory, they cannot be justified 
in opposing or neglecting science; for whilst 
ignorant of this, they are mere imitators, 
and can never be masters of their business. 
And surely, the nobility and gentry, will 
not consider a correct knowledge of the 
relation of effects to their causes, as it 
regards objects which are not only essential 
to their happiness, but to their existence, 
to be beneath their notice ? 

I trust the British public will not con- 
sider me unworthy their attention, be- 
cause I have no great man, or body of men, 
to patronise my work. At any rate, when 
they consider the result of my having op- 
posed the theories of a great man in my 
former work, they will, perhaps, excuse 
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ilie^ in thug widbing to avoid loortification, 
and of relying upon their candour and libe- 
rality, by dedicating this work to them, of 
whom I have the honour to be one, 

And their very faithful, 

and humble servant, 

THE AUTHOR. 
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Agriculture is defined by Mr. Kirwan to 
be "the art of making the earth produce the 
largest crops of useful vegetables at the smallest 
expense ;" but this conveys only a contracted 
and partial idea of that which must be compre- 
hended in the science of husbandry. Vegeta- 
bles, and animals which feed on vegetables, con- 
stitute that produce of the earth which is essen- 
tial to the existence, and requisite to the com- 
forts, of mankind. The art of husbandry is, no 
doubt, simple, if it be considered as limited to 
manual operations only ; but the science of hus- 
bandry or agriculture is more properly, a know- 
ledge of the laws of nature which determine 
the existence of both animals and vegetables, 
and particularly of those, which influence and 
govern them in their sexual intercourse and pro- 
pagation, and also in their feeding, lodging, &c. 
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2 INTRODUCTION. 

Sir Humphry Davy very justly observes, " It 
is scarcely possible to enter upon any investiga- 
tion in agriculture without finding it connected, 
more or less, with doctrines or elucidations de- 
rived from chemistry.'* And a chemical examin- 
ation, shows, that the earth is but little con- 
cerned in vegetation, otherwise than as a me- 
dium or vehicle, bed or couch, in and on which, 
the most important operations of nature are 
conducted and performed. 

We are commonly 1^4 to consider vegetable 
as the chief produce of the earth ; but veg^tablen 
2^n(J anipaals £|re so cqippletely dependept upoq 
e^ch other, th^^t before? we. can affect in ^.ny dcr. 
gree the pwduce of the one, we mu^t comprehend 
the influence they have eagh oxx the other. jFyojca 
a great similarity to then^selves in nature, nian^ 
ki^4 were very early enabled tP form a clefir pqi^t 

I prehension of the general functions pf apiqpal^ 
W regard to their food, and as they are influen^e^ 

) \>y pliinate ; al?o, of the deference in the se^es^ 
an4 the natural result of their intercoi^rse s but it 

^ Yf^si not understpod until a mnph Is^ter periodj^ 

i tbs^t th^ general functions of vegetaWes are in 
^vpry respect similar to those of anim^, 2tn4 
th%t t^e qperatipns of nature regarding bot^ 
af ^ regulate^ by npnch t^e sanie l^w^ j this, hPWn 
ever, is now cleifflj^ denxonstr?ited. 
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As some portions of the earth, in the produc- 
tion of animals and vegetables, conduce more to 
the supplying the wants of mankind than others, 
so are some species of animals and vegetables 
more productive and eligible than others, and 
not only one species more so than another, but 
some varieties of the same species are more valu- 
able than others ; therefore it must be obvious, 
that as well as enquiring into the general nature 
and various qualities of the earth, we must also 
enquire into and ascertain, the qualities of those 
varieties of animals and vegetables which are the 
most conducive to our wants, and what causes 
produce those Varieties, or diminish or increase 
their peculiar qualities. But as thequalities which 
give value to the difierent varieties of animals and 
vegetablesmustdepend on peculiar circumstances, 
it can be of little use in a work like this, to attempt 
a particular description of these : and although 
it is obvious, that the physiology of both animals 
and vegetables form the fundamental principles 
of the science of husbandry, it does not follow 
that it must also comprehend a knowledge of the 
comparative anatomy of either animals or vege- 
tables ; this is of trifling consequence to the hus- 
bandman. I shall therefore interfere very little 
with the departments of zoology or botany. 

B 2 
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GENERAL VIEW OF THE SUBJECT. 

It appears that a difference in the species only 
of animals and vegetables was originally created, 
and that the different varieties were left to be 
determined by the casual or accidental com- 
binations and operations of original principles or 
causes. In the production of variety in ani- \ 
mals and vegetables, no doubt climate has the ) 
preponderating influence, and next to this food ( 
and lodging ; but in the general course of nature, } 
these three grand principles operate in unison, \ 
and when all concur in one effect, the greatest I 
distinctions are produced. 

Food being the most effective and essential 
cause of variety in the value of animals, this has 

B 8 



6 GENERAL VIEW OF THE SUBJECT. 

commanded more attention than the operation 
of climate and lodging in respect to animals : 
and climate and lodging being the more imme- 
diate, effective, and obvious cause of the variety 
and value of vegetables, these have commanded 
more attention than food in respect to vegetables. 
But to avail ourselves of the full advantage al- 
lowed by nature, food^ climate, and lodging, 
both as they affect the one and the other, must 
be clearly understood and equally attended to. 

N^ The general progress of nature is uniform; 
and in the continuation of her works, as if to 
avoid the disorderly efifect of an extreme indulg- 
ence, or the capricious negligence of individuals, 
the sexes were created, and it was ordained that 
a junction of the two should be necessary fcnr the 
production of one individual j and that in their 
offspring, the habits and propensities of both male 
and female should be blended. 

V And further to protect her creatures from ca- 
sual injury arising from a change of food, lodging, 
and climate, the habits of both animals and ve- 
getables are made subservient to such changes : 
thus> the continuation of a superabundance of 
food produces an increase in size, and a defici- 
ency of food a decrease^ a cold and a hot climate, 
and a wet and a dry lodging, each produces a 
coat or covering for the body, and a ten)pera. 

20 
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xtient of constitutioii he&t adopted to eotmteraet 
extremes: these things, therefore, form modt 
important objects of tonsideration. 

Animals and yegetables administer to th^ wants 
0f iritokind in various wayi» ; some by their fleshy 
fyr the immediate substance of thcdr bodies j 
others by their ofispring alid seed^ br the fbod 
provided by nature for tfaeif offi|>ring ) dthen^ 
again, by their exterior covering, and others by 
assisting man in his labour^ and contributing to 
his pleasures : therefore, in breeding and feedi% 
both atiimals and vegetables, due regard must be 
paid to the peciiliar otgect desired. And bs na- 
ture ever determines the end to the meads/ the 
attentim of the agriculturists must be directed 
to the adaptiflg their means to the end in view. 

l^ature is ever kind and liberal iii providing 
Ibr the necessities of her creatures ^ and b^ing 
always inclined to make an exuberant return in 
her prodtictions, for extra aid, she thus gives to 
mankind an opportunity to avail themselves of 
such propensities: by removing obstructions, and 
favouring and protecting the general operations 
of nature, and supplying the deficiency of any 
needful support^ they may increase their means 
of subsistence and enjoyment. 

But although mankind are thus blessed by an all- 
bountiful Providence, their power is prescribed, 

B 4 



8 GENERAL VIEW OF THE SUBJECT. 

and they are not permitted to act in opposition to 
the laws of nature with impunity ; whenever, 
therefore, they presume to interfere with the 
operations of nature, with a view to produce any 
beneficial or certain effect, they must pay all due 
deference to her laws ; all attempts to produce 
sudden and abrupt changes, and wide extremes^ 
must be avoided : by assisting nature certain ob- 
jects may be obtamed, but attempts to force or 
oppose her, generally produce disorder, and 
often destruction. 

These preliminary observations naturally lead 
to the three following grand divisions of the 
subject :— viz. 

The breeding and riaising of vegetables ; 

The breeding and rearing of animals ; 

And, as connected with both these, -i- The 
^cultivation of the earth, or the producic^ and 
preparing food and lodging for both. 

In this order I shall proceed to consider and 
arrange my observations. 



ON BREEDING AND RAISING VEGETABLES. 

The nature of the asexual intercourse, in the 
propagation of animals, may be considered as too 
well undesstood to need a minute ex{rfanation; 
butofl3ie necessity of the sexual intercourse, in 
the propagation of vegetables, many are still ig- 
norant I may therefore, perhaps, be excused for 
intruding some observations on this part of the 
subject, and for giving extracts from prece* 
ding authors. 

It may be but of trifling importance, who was 
the first that discovered, the existence of a difier- 
ence in the sexes in vegetables ; but as Bradley, 
in a work on the improvement of planting and 
gardening, published in I7SO, seems to have 
been one of the first English authors who wrote 
on the subject, and as his description is cle^r 
and simple, I shall give it in his own language. 

He says, << I hope to be excused, if in ^e 
" explanation of this wonderful mystery of the 
" generation of plants, I shall be found tointro- 
** duce such kind of plants as are not to be found 
"in forests, and to make some of my experi- 
" ments in the orchard and kitchen-garden. 
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** Moses tells us, in his account of the creation, 
"that plants have their seeds within themselves j 
" that is, every plant contains in itself, male and 
"feiiiale powers. The text he haS given us, 
" seemed to be explained by this discovery, and 
*^tnay l^dm to consider, that plants wanting 
<< local motian^ require therefore this union u£ 
^g@x^ in themselves; by which menus they 
<<md.y gmtt^te without the teighbourhood irf* 
<• dth^r phxitAi But before I proceed to explain 
" this new system, I think myself obliged to de» 
" dlai'e, fhM the first time this secret was ootn^ 
** muqic«l@(i to me^ was several years u.gbf by a 
" worthy member of the Royal Society^ Robert 
** Yates, Esq., trho has had this hoiioii for above 
^ thiny years, that plants had a mode of ge- 
<* Derating somewhat £inai(^ous to that of sm^ 
" mals^ The light which I received from this 
" gentleman was afterwards further explained by 
«« another learned member of that society* Mr* 
•* Samuel Moreland, who in the Philosophical 
" Transactions, I70S, has given lis to understand 
«« how the dust of the apices of male flowers is 
" conveyed into the uterus* or vasculum semi- 
«< nale of a plant ; by which means the seeds 
"therein contained are impregnated. I then 
** matde it my business to search after this truth, 
<< and have b&dth^ good fortune enough to bring , 
" it to demonstration by several experiments. 
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<< But to come to ihe point: the lily being ft 
« flower toore generally knotm thatt any othef, 
<< tod the generatire parts being large and dit- 
<< |>osed> I shall from thence endeavour to explain 
<Hhe ihethod which nature makes use of^ to 
<< impregnate the seeds of that and every othef 
<< plant ) and by which means the several spedes 
'<of vegetables have been <!;ontinu^ to &e 
"world. 




« The flower of the lily has six leaves or petals, 
^« which are set upon the summit of the foot-stalk, 
« marked a in the figure j they serve to guard 
*< the parts of generation from the injury of 
"the weather, and as they are no other use^ 
" that I know of, so it is not necessary that I 
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«< should place them in the figure, b is the 
<< mouth of the pistilium, or passage, which leads 
<' to the uterus c, in which are these ovaries 
«< filled with little eggs, or the rudiments of seeds, 
<< such as we find in the ovaria of animals : but 
<< these eggs will decay and come to nothing, 
** unless they are impregnated by the farina fe- 
'< cundans, or male seed of the same plant, or 
** one of the same sort 

<«From d to e is the stamen of the lily, 
*• through which the male seed of the plant is 
"conveyed, to be perfected in the apex y*j 
** where by the sun's heat it ripens, and bursts 
«* forth in very minute particles like dust ; some 
** particles of which powder falling upon the 
<« orifice ft, is either conveyed from thence into 
<< the vesicle c, or by its magnetic virtue draws 
"the nourishment with great force from the 
" other parts of the plant into the embryos of 
** the fruit, and makes them swell. 

** Now that the farina fecundans, or male dust, 
"has a magnetic virtue, is evident, for it is that 
" only which bees gather and lodge in the cavi- 
** ties of their hind legs to make their wax with ; 
*• and it is well known, that wax when it is warm 
" will attract to it any light body." 

Whatever may bethought of magnetic power, 
the wise providence of nature is here wonder- 






ON BREEDING AND RAISING VEGETABLES. 13 

fuUy displayed, by guarding in a different and 
more certain manner ag^nst casual obstruction, 
as well as the inability of a plant to bring toge- 
ther the necessary parts formed for the propaga- 
tion of its species^ Every flower is furnished 
with a rec^tacle, called thenectarium, wherein 
is secreted, an odoriferous and very sweet liquid, 
which attracts, and serves for the food of bees, 
and other insects ; and these vessels are always 
placed below the apices and the pistilium^ so that 
the insects in their endeavours to obtain their 
nectar, must pass over, and between, tl^ apices^ 
and also the pistilium ; and the farina or dust 
sticking about them, is thus conveyed to the 
mouth of the pistiliumi, and the process of 
impregnation performed ; without this assist- 
anice, there are some plants which could scarcely 
ever be brought together, or impregnated : ibr 
instance, the cucumber and the melon, and all 
others of this tribe of plants, which have distinct 
male and female blossoms, when growing in si- 
tuations where the wind has no power to dis- 
perse the farina. 

As an elucidation of this, I may mention the 
progress and result of the following experiment : 
being desirous to obtain seed from a peculiar 
head of brloccoli, and well aware that the inter- 
course of bees would occasion the seed to be 
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dl^^roDt totha wio^tk plant, I iixmmnded the 
^i^m of the plant with a frame of gauze, suffix 
oi^ntly ojeii to a»ciniit a free change erf air, and 
]]AaGed a hand glasa (m the top, and the conse. 
qu^Odce wai^ not a single seed waa formed ; ob-* 
sf^aving the failure, I roraoved the covering, and 
gUY^ free acQQga to the bees, &c.^ when a few 
remaining btos^oma immediately fruotified, and 
produced Ml pQ^ of aeed. 

Bradley proceeds, " But ugain, if the parti. 
<« des of tWi3 powder should be required by na. 
*< tur^ to p^iSis into the ovaries of the plant, and 
«* even into the several egga or seeds there 
^* contained, wo may easily perceive, if we split 
*< the: piidtiUum of a flower, that nature has pro. 
*^ vided 1^ sttffiaent passage fbr it into the 
^* uterus. 

, «* In the first igw^ I have given a d&igti of 
^ oni?f stamen, with its apex, to^ prevent mistakes 
« in my ^^ipja^ation i but the flower of every Hly 
** has si^ of the same %iure and u^^ which are 
*< plaoed round about the pistilium or female 
<< parts, so that it is almost impossible it shouid 
«^ es<fapfi fr^wn r^Qiving some of the male dust, 
M ^ farina fecundw^, falhng upon it* 
V. ^ In thi^ md other flowers of the same nafkure^ 
•< the pasWiftw is always so jdsaced that the apices 
*'< which swirwund it are efiual in height with i1^ 
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*< or ajl^Dy^ ii^ m jfchat their diiBt ni^turaUy f^Ua 
*^ qppn it i and wh^n we observe it to be longer 
^^ th^n the 9^pices, w^ Qiay then conjecture that 
f< the fruit hasi begun to form itself, md h^ no 
^^ longer ooeftsion pf the male duat, And it i» 
<< llk^sie ob&eiTabkft th^t as sooQ as the work 
" of generatiop i^ performed, the male parts, 
<^ together with the leaves or covering, fall qfl^ / 
<^ and th^ p^pe leading tq the uterus begips to \ 
<< shrink. Wp ji^ay further remark^ that the top } 
<< ef the pistiliuija of ?very flower is either go- ( 
*« Yfifad with ^ sort pf v^iyet tuniek, of emit^ a 
*< guinBpiy liquQr* the better to Cfttph the du&t of 
^< th^ fipic€)s. 

" And now, as we find in the description I 
" hfivp given of th§ lily, that the uteruji ifi within 
*< the flower* so, on the other hand, the uterus \ 
M of thp rpse ig wi^out the flower, ^t the bottom / 
^'< of the p^t^s or 4pw^rrle^yes<, And likewise \ 
<< in fruit-trees, the chernes, plains, and apQi^ ^• 
*f< Qtbpffi, have their utriciea within their flowers ; / 
^^ an4 the gftpisebpriy, purrant, apples, apdpeftrs^ \ 
V po thp outride or bottpin of their flowprs* / 

*< Put further, al^ugh nature has designed / 
« the dust pf th© apices to fecundate the female ^ 
*^ pfirts, contained in the llpweri? of plants, yet / 
*^ we observe, that in sppip plants the msi^ and \ 
^* female parta are remote fr^^. e^h other i 9^ / 
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<* for example, the gourd, pompion, melon, cu- 

'< cumber, and all of that race, have blossoms 

' << distinctly male and female upon the same 

i *^ plant : the male Uossoms may be distinguished 

\ ** from the others, in that they have not any 

; ** pistil or rudiment of fruit about them, but 

I " have only a large thrum, covered with dust, 

\ " in their middle } the female blossom of these 

" has a pistilium within the petals or flower- 

** leaves, and the rudiment of their fruit always 

\ *^ apparent at the bottom of the flower before 

" it opens. 'And so in like manner all nut-bear- 

** ing and mast-bearing trees have their catkins, 

^ *^ or male blossoms, remote from the female 

/ "parts. 

" The oak, for example, which blossoms in 
^< May, has its male parts distant from ttie 
^< acorns. We find little strings of farinaceous 
** flowers in great abundance, remote from the 
*• rudiments of the acorns or fruit. 
^ " When we view with a good microscope the 
«• male dust of one small plant, we find every 
<* particle of it to be of the same size and figure. 
" But in some cases it is of two colours, as in 
" the tulip, where it is yellow and blue. " 
v^ " I shall proceed to demonstrate part of this 
" system. I made my first experiment upon the 
" tulip ; which I chose rather than any other 
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^^ platit, because it seldom misses to produce 
" seed. Several years ago I had the ccmveni- 
** ency of a large garden, wherein there was a 
" large bed of tulips ; in one part, containing 
«* above 400 roots ; in another part of it, very 
" renu^/rom the former, wei:e twelve tulips in 
" perfect healtii. At the first opening of the 
" twjelve, which I was very careful to observe, 
<* I cautiously took out of them all their apices, 
M before ihe farina fecundans was ripe, or any 
** wayb appeared^ These tulips, being thus cas- 
^« trated, bore no seed that summer ; while, on 
^* the other hand, every one of the 400 plants 
" which I had ilet alone produced seed. 

« By this knowledge we may, perhaps, alter . 
" the property and :taste of any firuit, by impreg- 
^* nating the one vdtk rthe &iina of another c£ 
" the.same clafiS: as, tar exaiBpl;e» a codlin with 
" a pseatrmain, which will occasion the codlin «o 
" impregnated to last a longer time than usual^ 
^< ajid , be of a sharper taste j or if thjs winter 
<^ fruits should be fecundated with the dust of .^ 
" the summer kinds, they will decay before their 
^Vusjial time. And it is from this accidental y //^ 
"coupling of the farina one with the other, that / 
^* ill ap piichard, where there is variety of ^i^^s, \ 
^< even the fruit gathered from the same tree [ 
" differ in their flavour and times of rip^oing} \ 
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** and, moreover, the seeds of those apples so 
" generated being changed by that means from 
" their natural qualities, will produce different 
" kinds of fruits if they are sown. It isr from 
" the accidental coupling that proceeds the 
" numberless varieties of fruit and flowers which 
" are raised every day from seed." 
/ The latter part of these observations, no doubt, 
Vare correct; but in his supposition, that the 
/coupling of the farina changes the flavour or tJie 
( general qualities of the immediate fruit, this 
1 author is mistaken, as it produces no such effect. 
/ The change takes place in the seed alone, and, 
( therefore, can only be discoverable in the next 
/ generation. By this accidental coupling, there 
can be no doubt, but that variety in every species, 
is principally produced; and by taking advan- 
tage of this, and directing, and partially divert- 
ing, the usual course of nature, changes in the 
habits, and general properties of vegetables, and 
their fruits, may be produced, as well as in 
f animals.' By admixing the farina of the blossoms, 
[ and planting the seeds, varieties of potatoes are 
^£*/ j obtained; but no variety can be obtained by 
( planting the potatoes themselves, either by vary- 
{ ing the soil or mode of culture. And the same 
I may be said of apples, and other fruits ; for let 
f trees be propagated in whatever numbers, by 
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engrafting or budding, and on whatever stocks, 
or by whatever means, it will create no variety 
in the fruit 

It dius appears, that mankind possess the 
same influence over the sexual intercourse of 
vegetables, as over that of animals ; and, conse- 
quently, they have it as much in their power, to 
raise and establish peculiar varieties in the one, 
as in the other, and upon the same principles, 
viz. that of selecting and pairing the males and 
females. And if it be desired to exert this in- 
fluence, the process may be easily conducted, 
in the following manner : — a. blossom being se- 
lected for a female, which has in itself the male 
and female organs, as soon as the bud is ad- 
vanced to the state of being on the point to 
open or blow, the petals or flower-leaves must 
be opened, and the apices or anthers taken off; 
the blossom may then be left a day or two, until 
the petals have expanded themselves, and the 
pistilium be advanced to a state fit for impreg- 
nation; then, a blossom being selected for a 
male, when in frill bloom, it must be taken off 
the parent plant, and Its apices, or anthers, gently 
rubbed over the point, dr end, of the pistilium of 
the prepared female blossom, so that the farina, 
or dust, may attach itself to it j after this, the 
female must be defended against the intrusion 
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of bees, or such like insects, or placed out of the 
danger of being otherwise promiscuously impreg- 
nated. It is by a close attention to these laws 
of nature, that so many valuable varieties of 
pulse, grain, fruit, roots, and esculent vegeta- 
bles, have of late been raised and obtained. 
It must also be observed, that by fifequentiy 
propagating from seeds, carefully selected from 
those plants, which possess th^ most desirable 
qualities^ — even though there be no iiitehded 
crossing or mixing of farina to produce varie- 
ty, — the most valuable habits of any species, 
may be improved and increased; and particu- 
larly by their being naturahsed, and enabled to 
adapt themselves to flourish, in any peculiar soil 
or climate. 
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Although the difference in the sexes, appears 
to be more stroi^Iy marked in anitnalSy than in 
v^eti^bles j the laws of nature, as they regard 
the result of their connection^ are much the same 
in both. 

On the subject of breeding, Sir John Sinclair 
fiays, ** The art of improved breeding consists in 
" making a careful selection pf piaies ^nd fe- 
*> males, for the purpose of breeding stock 
^* vith fewer defects, and with greater perfec- 
^^ tioi^ than their p^ents, in ^hich their mu- 
<f tn§l properties shall be continued, and their 
** XtiUtuBl faults corrected. 

*^ The objects of improved breeding, ti^erpfore 
*« are to qbyiate defects, and to acquire ^d per- 
•* petyate desirable properties j hence, when a 
M rac^ pf winials have possessed in a great de- 
^< gr^ei, through several generations, the proper- 
<F ties which it is qui object to obtfiin, th^ir 
*■ preg^y W(? sai4 tp be we}l br^d, and thpir 
f ^ stocks TOt^y be rejied on/' 

f* Itf was vipftp thi? principle of selectioiflthat 
*^ Bakew.ell formecl his celebrated stpck of sjieep, 
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" having spared no pains or expense in obtain- 
•* ing the choicest individuals, from all the best 
" kinds of long or combing wooUed sheep^ 
" wherever they were met with : and it cannot 
•* be doubted, that any breed may be improved in 
•* the same manner ; namely, that of putting the 
*^ best males to the finest females. After a su- 
perior breed, however, has been thus obtained, 
*< it is a point that has been much disputed, 
« whether it is proper to raise stock ; 1st, from 
the same family ; or, Sd, from the same 
race, but of different families ; or, Sd, from 
races entirely different.'* 
This explanation of Sir John Sinclair, without 
doubt, is clear enough; but as he found the 
subject much disputed, so he seems to have left 
it, at any rate, but resting on very indetermi- 
nate grounds; for although he gives an ample 
detail of the observations, and practical results, 
of many of the most eminent men, on both sides 
the question, his own conclusions are by no 
means demonstrated, but calculated to confuse 
and mislead ; for he further says, " On breeding 
" from the Same family—- this method is callec^ 
• *^ breeding in and in, or putting animals of the 
** nearest relationship together : though this 
*^ plan was for some time in fashion, under the 
" sanction of Bakewell's authority, yet experi- 
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^* ence has now proved, that it cannot be sue* 
** cessfully persevered in/* 

This conclusion, in a general ^ense, cannot be 
admitted, but we may, indeed, admit, that there 
are bounds, beyond which we cannot force na- 
ture, for having reached the point of perfec- 
tion, there we must stop ; we cannot proceed 
farther. ^ 

Sir Jolin should also have stated, what a}^ears 
to have been the fact, that BakeweU, not onlyser 
looted the finest males and females, but he spared 
neither p&ins nor expense, in furnishing and adapt- 
ing such climate, lodgings and food, as appeared 
most conducive to the forwarding hia object; 
and then, it might have, been remarked, that the 
pains and expense thus incurred by BakeweU^ 
to obtain his object^ was so great, that the no^ 
velty alone of his produce,^ could command an 
adequate return ; and this, perhaps, may be a 
sufficient reason, why his plans could not be 
considered as eligible to be generally followed, 
but it does not furnish just grounds for con- 
demning the principle, of breeding in and in> 
altogether. 

After a perfect stock has been obtained^ how 
is it to be continued ? This seems to be the grand 
question, and it only can be answered on the 
principles before explained, viz. by duly attend* 
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ing ti> their qcialitks and habits, when selecting 
the breeders ; and again, to the means, by which 
tbofte qualities and habits are sustained. If great 
fize be the valuable quality, and the utmost 
nature will admit oi\ has been produced by an 
artificial climate and lodging, and a selection of 
food, it must be obvious, that with the same 
climate, lodging, and food, t he_same stockj aay 

less congenial climate, lodging, and food^ the 
progeny of such animals, must decline, and be- 
come less in size ; and at the same time, it 
might be 'observed, that under those circum«- 
stances, no crossing can keep up the size and pro- 
pensities* And again, if animals or vegetable!^ d 
whatever size, bred in a certain climate, and with 
certain lodging and food, can be furnished with 
H lodging, climate, and food, mose congenial land 
fiutritive, they may be increased and improved, 
by^jeeding^^aiidin. 

V Sir John proceedi^, -^ " It may, indeed, prove 
** beneficial, if not carried too far, in fixing any 
^ variety that may be thought valuable, but on 
•* the whole it is only in appearance. Under 
'< this system, the young aninial cotnes into the 
«< world on coiiqiaratively a very small scale ^ by 
** keepihg it fat from the first moments. of its ex- 
^* istence, it is made to attain a gxieater size thap 
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I 

<< nature intended ; and its weight, in conse- 

" qiience, will be veiy great in proportion to the ] 

*^ size of its hemes. Thus a generation of ani<> 

^< mals of an extraor<£nary form, and saleable at 

** enormous prices, may be c^tained, but that 

*f docs not prove that the practice is eli^ble^ if 

*! I cBCkft gersisted in ; on the contrary, ifthe system A /.<l^»^4-«*-*^ 

" be followed up, the stock get tender and deU- y^yi^a^^v^ 

** cate ; they become bad breeders^ and though 

". they retain their shape and beauty, they will 

:** decrease in vigour and activity,^ mil become / 

5< lean and dwarfish, and ultimately incapable ofA 

"contmuingtlierace."^ 

If a striking instance, not only of the ab- 
sence of philological principles, in the appH- 
cation of practical observation, but of the sub^ 
stitution of speculative opinion; was neieessary, 
to prove a want of scientific arrangemanty in Sir 
John Sinclair, surely this must be sufficient $ 
and if such arguments as tlie following, against 
the attempt to produce a certain gSEscU are p^- 
snitted to inflaencs opinion, md such, causes be 
asldgned^ as these, ^*it is thus made to iOtain a 
** greater size than nature intended,'* agriculiure 
itiigbt; indeedt continue to be mere speculaticm 
smd micertainty. ^ 

But even were such observations, construed 
miksL most ^voutable rnann^, they apply par- 
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tially only, as they are descriptive of the effect o( 
injudicious selection, and of artificial feeding, and 
do not prove the cause of defection, to be in the 
general principle, of breeding in and in. 

It appears, that Bakewell well knew how far 
hcfcould lead nature y. and so far from his results 
proving the insufficiency, of breeding in and in 
to produce perfection, it completely establishes 
the fact, that such an object cannot be.obtained, 
with equal facility, by any other means. 

It [must be admitted,^ that more valuable 
animals in themselves, never Were produced, 
than those bred by Bakewell j but the old 
maxim no doubt is good, << You may purchase 
" gold too dear/' However, as before observed, 
Bakewell had an object in view, and to ob- 
tain this, every advantage of artificial climate, 
food, and lodging, were resorted to, regardless 
of expense ; and so long as he could furnish 
exuberance in food, climate, and lodging, he 
found an exuberance in the flesh and size of his 
animals returned j but when his means of 
increase were exhausted, nature made a stand- 
she never went ^^farther than she intended.^* 
I once heard of a &rmer, who, ambitious to 
excel, purchased a bull ftom Bakewell, or some 
such fancy breeder, and after having kept him 
for some time, the beast lost flesh, and became 



ON REARING AND BREEDING ANIMALS. 27 

weak and languid; the fanner on meeting 
with his former feeder, complained that the ani- 
mal was fast declining, although he had plenty 
of grass, hay, &c. the feeder told the farmer, 
that grass and hay were not sufficient ; for besides 
these, }ie had been fed on grain, and had also 
been indulged with a pail of milk every day, 
from the time of quitting his mother. This suf- 
ficiently shows tlie folly of carrying things to 
such extremes for general purposes j but it does 
not prove Bakewell, to have been erroneous in 
his judgment, nor does^it detract from the prin- 
ciple of breeding in and in. 

It is the general practice of sheep farmers to 
purchase their, rams from professed breeders, at 
enormous prices, and these, which are bred 
under peculiar indulgencies, are alwayi^ k^t 
away from the flock, with an extra allowance of 
the best food, such as grain, pulse, &Cm and 
frequently, also, are allowed the shelter of a 
house ; the consequence is, that their stocks are 
always lean and long, and large in their bones, 
and unequal to sustain the hardships of the 
natural dimate, lodging, and food, with health 
and vigour j and hence it is. obvious^ that the 
.practice of crossing is not only attended with 
much useless expence, but that it obstructs what 
ought to be the object of every rational farmer 
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to obtain, viz.» the possession of a stock, in every 

respect adapted to the nature, and localities, of 

his situation and circumstances. 

, Sir John Sinclair also says, •* Sir John Sea- 

" bright tried many experiments, by breeding in 

" and in, with dogs, fowls, and pigeons, and 

" found the breeds uniformly 4egenerate.*' But 

it maybe remarked, that pigeons, dogs, and fowls, 

from their long domestication, are already as much 

removed from a $tate of nature, as nature will 

admit of; and being bred and fed more to please 

the fancy than for any defined object, it frequently 

happens that the most desired qualities are the 

^ I effect of disease or distortion ; and, therefm'e, on 

^ the principles laid down, it might be expected, 

vS ^^^^ weak, diseased, or defective males and fe- 

^ males being selected and paired, would produce 

those that are still more so. 

Sir John Sinclair again says, " A gentleman 
" who tried the experiment with pigs, brought 
*♦ them at last into such a state, that the female 
** gave over breeding almost entirely, and when 
♦♦ they did breed, their, produce was so small 
if and delicate, that they died as soon as they 
f( were bom/' Here also an effect is mistaken 
for a cause ; these failures evidently arose Horn 

^/i^/^Ct^ ing having, been carried to an extreme, and 
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not solely oii the principle of breeding in and 
in ; no doubt, in the pursuit of this principle, 
there are, as in every process, two extreme^ and 
a mediuin. 

As for dogs, I knew a gentleman, Who by^ 
crossing had lost the valuable qualities of his i 
greyhounds, which determined him to try back, 
by breeding from the nearest blood, fiind he suc- 
ceeded, and recovered his lost excellence. And 
Saaxiuel Emleyf Esq. of Salisbury, asl^red me, 
he bred in and in, ^ith the samfe family, both 
pointers ahd spaniels, for thirty yterb, and never 
found th^n degeti^rate. 

Nb opinion is more c6mmon, than thast gaime- 
cocks will djsgenerate, when bred in and iki^ but 
having ask^ different breeders, ifi what pmnts 
they have been found to degenerate, I was an- 
swered by one, that those so bred, would stand 
up *ill killed, but that thely had no apirit or ac- 
tivity j whilst the other asserted, that thc|y were 
all activity, spirit, and dash, it the om6U but 
gave in lafter a blow or. two. I have «iso re» 
pieatedly heak^d the isame incCMasistent otgectiqud 
made to breeding in audlnl^K-gr^yhounc^^^ 
one .party lassferting, that Hi^m so bred, have i 
great speed, but iio^bottoim, whUst ano^r sta;^, 
tiiat they have no activity or ispeed, but i^Jiattirun 
tai death. : 
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There can be no doubt, but that all these 
failures may occur, when breeding in and in, 
but they are clearly the effect of improper se- 
lection, and establish no grounds of objection, 
that will not as justly attach to the principle of 
cross breeding. 

In breeding animals for fattening, it is the 
usual practice to select those for breeders, that 
discover the greatest propensity to fatten or 
grow fleshy, and such animals are generally 
uncertain and bad breeders, and always bad 
nurises j and this rests on the principle I have 
stated. The female being selected, as one in 
^om the exuberance of nature is in her flesh, 
Bud whose food is appropriated entirely to_ the 
increase of this, her powers of conception are 
obstructed, and her young, neither during her 

.pregnancy, nor after their birth, can be fur- 
nished by her with the nourishment necessary 

.to support them ; and sterility in the female, 
and disorder and want of size and strength in 
her progeny, must be the result. But after their 
birth, the wants of nature in food and tempe- 
rature, may be artificially supplied to the young, 
and they may thus be reared, with aU the appa-» 
rent qualities of their progenitors. 
I obtained a sow pig, of a breed peculiar for their 
propensity to fatten, from Mr. Hodgson, This 
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creature kept in high condition, even when fed 
on grass alone, or simple wash and grains ; but 
she never produced more than seven young 
ones at a farrow, and two or three of those 
were generally starved to death for want of her 
producing milk, all her food being appropriated 
t6 the increase of her own flesh, instead of fur- 
nishing sustenance for her young ones; and 
whatever boar was put to her, made no differ- 
ence in this respect, but I never obtained any 
young ones, that possessed in an equal degree 
her own propensities and shape, except when 
put to her own son. I also obtained another 
sow, of a very different breed, but of equally 
strong propensities to fatten, and valuable pro- 
portions, and although this animal was regularly 
in season for more than twelve months, and put 
to different boars, she never would breed. Such 
a sort of pigs would certainly not answer to 
keep as breeders of stock for a market, but to 
piurchase for fattening, they were worth 25 per 
cent, more than any others I ever possessed. 
Such peculiarities were, no doubt, produced by 
breeding in and in, and could not have been 
by any other means, but it was also more imme- 
diately the effect of selection. Animals possess- 
ing the opposite propensities, that of breeding 
great numbers, with large bone, and such as 
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^re also with difficulty furnished witii flesh, 
may of course be produced, by oteerving the 
same principles. 

Sir John Sinclair likewise says, " Mr. Knight's 
" experiments with plants have ftilly convinced 
** him, that in the vegetable as wdl as the ani*- 
<^ mal kingdom^ the ojSspring of a male nnd 
" female, not related, will possess more strength 
" and vigour than when they nm of the saine 
« family, which proves how unprofitable such 
*« connections are." 

Peculiar cases coay have occurred, partially 

to austain such remarks^ buifethese cannot justify 

, such , a general conclusidn. The terms « mwe 

strength and vigour,'* can only be understood 

as comparative. If a male from a >plant oif vi- 

*V y 4iJ^ gorous habile and full health, > be couple d^jgi|^ 

P^^£^^^^ it 

^^*^^/^>^td he ^tpeCted that ithe ofispring will be more 

:^-^*^--^j2^ tiflai the imale ^parent? 

^.^fi^Z^^^rdy ndt; it would he as jootttjary to jiaifaire 

*^'^^*^^ as to Bsason: it might, be ;mar^ so than the 

fi^male^-ibutdhis ido&s mot .justify ;suQh :a g&a^^l 

ooncliJGsion. 

. .And furthw. Sir J6hn saysj "A change of 
"seed k :in .general ^^antegcjcxus, in regard 
*«i«oth to anianils «jid y^agetabteftj hence imanjjr 
«.faiiners.are,iffld«ced, itoti^^^ to chwge the 
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"seed of the kind of grain they cultivate, but" 
** to procure males from the flocks and herds 
" of those who have the same, or similar with\ 
" their own. It has been remarked that those/ 
"farmers have in general the worst flocks, who 
" bred from rams produced on their own farms, , 
" and that an interchange of males is mutually 
" beneficial.*' 

These observations, like many others of Sir 
Johiv Sinclair, are calcul ated in Qi<SLiXUJ!nislead, ^4^ » 
than_ to inform, the ignorant agriculturist, for 
instead of grounding his judgment and prac- 
tice, on the established principles of science, he 
is here recommended to rely on^ bliad chance ^ $^ ♦ 
or the casual observation and imitation of ^^hers^^^^/^ "j^*^^ * 

By crossing diflferent varieties of vegetables, cy/U€^^J»^»^o 
no doubt, other varieties may be obtained, and, A^^^^* 
perhaps, such as possess more valuable qualities / 
than the parent plants ; but with vegetables as ( 
with animals, food and climate, possess the/ 
greatest influence, in varying their qualities; thus! 
the seeds of plants, transplanted from a sterile j 
soil and uncongenial climate, to a luxuriant soil( 
and congenial climate, will increase in the luxu- \ 
riance of their produce, with every generation, / 
until they have reached the bounds prescribed | 
by nature, and uce versa. 

Sir Humphry Davy very justly observes, 
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*f As plants are capable of amelioration, by pe- 
" culiar methods of cultivation, ahd of having 
** the natural term of their duration extended, 
" so in conformity to the general law of change 
" they are rendered unhealthy, by being ex- 
*^ posed to peculiar unfavourable circumstances, 
** and liable to premature old age and decay. 

" The plants of warm climates transported 
"into cold ones, or of cold ones transported 
*^ iftto warm ones, if not absolutely destroyed 
by the change of situation, are uniforinly ren- 
dered unhealthy^'* 
' A difference in opinion may always be ex- 
pected to exist, as to the form and colour that 
constitutes the beauty of animals, as well us ve- 
getables, but it cannot be denied that the grand 
object of agriculture, should be a profitable pro- 
duce. The tiMde of attadning this object, no 
doubt, will be determinec]^ in a great measure, 
by peculiarity of situation and circumstances; 
but taking it for granted that every agriculturist 
mu^t be desirous of keeping up the good qua- 
lities, if not of improving his stock, the only 
questions that can arise, are. What is an im- 
provement ? and, What will produce profit ? And 
let this be determined as it may, perfection can 
only be obtained by a selection of breeders. • 
If a greater or less size be required, stronger 
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propensities, or greater and more perfect health 
and vigour, the object must be obtained by se- 
lecting and pairing those males and females 
which possess in the greatest degree the requisite 
qualities, whether crossing be resorted to, or 
breeding in and in. 

When left to nature it is always determined 
one way ; those which are rendered the weakest, 
from whatever cause, are driven off, or down, by 
the strongest and most vigorous : and as all have 
to contend with the same climate, lodging, and 
food, those possessing the best habits must al- 
ways prevail, and consequently the breed must 
be kept up to its greatest perfection. And that 
an adherence to those principles which are the 
most congenial to the laws of nature is the most 
profitable, is clearly est3^bli6hed by practical de- 
niohistration. 

It is well known^ that there. are many farms, 
and many large districts that never do fatten 
their stock, and indeed are considered and 
found inadequate to it ; and what other cause 
can be assigned for this, but that the stock are 
bred by continual crossing with males reared 
under advantages of superior lodging, food, and 
climate, to what such farms and districts natu- 
rally produce ? As Sir John Sinclair observes, 
ammails bred from the same family, and selected 
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for their peculiar propensities to fatten, have a 
large proportion of flesh, and but little bone ; 
so, on the contrary, animals bred f rom mea gre 
fggales, living in a harsh climate, and with a 
scanty supply of food, bvcrossinp with males 
of -t^i£»,J!i3I^.t size^4l^^ superior^ food, 

and in a climate more congenial, have a large 
proportion of bone, and but little flesh, and pos- 
sess withal a more delicate and precarious state 
of health. Any land whatever, thajt will furnish 
food enough to maintain two animals in a state for 
breeding, and with a climate and lodging requi- 
site to sustain health and vigour, will be found 
equal to the fattening an animal that had been 
naturalised to it by breeding in and in for several 
generations. Every farm may be considered as 
having its peculiar advantages and disadvantages, 
compared with others, and a profit can only 
arise from a skilful observance and management 
of these. 

There does not exist a more mistaken notion, 
than that the stock of one farm may be kept equal 
to every other, by crossing and changing the ani- 
mals and seeds only. It has been well observed, 
that " Nature provides every creature with a 
" shelter from the storm.'* If a male and female 
of any species of animal or plant be bred under 
circumstances of a congenial climate, and a libe- 
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ral supply of food, and afterwards placed in a n 
situation where the climate is harsh, and the / 
supply of food scanty, they must of necessity de- 
cline in flesh, and in health and vigour : but / 
their young, bred under those circumstances of ( 
privation wilLacauire habits, and be reduced ) 
to a size, mMe coniormable f and these again ( 
breeding in and in, the habits of their progeny ) 
will still become better adapted, until, by de- { 
grees, they wQl become perfectly inured and na- 
turalised, and capable of making the utmost/ 
return the farm is equal to, and at the least \ 
expense. But if^ on the other hand, the breeder 
chooses to contend with, and oppose, nature ; 
and instead of submitting to her Jaws, he still 
persists in attempting to keep up tlie size, by a 
fresh supply of males and females from the ori- 
ginal quarter, he inevitably must be subjected 
to the consequences of a want of health and vi- 
gour, and incur great hazard, and extra expense. 

That the above principles equally govern the \ ./ 
vegetable, as well as the animal world, has 
been demonstrated by Sir Joseph BankS t who 
says, that by repeatedly raising plants froniLthe 
sftftds grown on thjS spot he has so naturalised / 
tolSiis climate, vegetables that were natives of \ 
a warm climate, and which on their first intro- / 
duction into this country, could only be kept \ 
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t alive in conservatories, that they are now en- 

\ abledto flourish in the open air without artificial 

/ protection. And in corroboration of those con- 

\ dusions, I annex the following extracts: that 

of Mr, Mason, from Sir John Sinclair's Code 

of Agriculture, and Mr. Robinson's, from the 

Farmer's Journal, of April 15th, 1816. 

Answers by G. MasoUy Esq. qfChiltonyDurhanij 
to the question^ ^whether the systentqf.^^ Breed- 
ing in and in*^ is advisable. 

To answer the question on the propriety or 
S^ I impropriety of adopting the system called Breed-- 
ing in and in, it seems only necessary to recur 
to the acknowledged principles of breeding in 
general. It is admitted that all breeding pro- 
\ ceeds on the presumption, that the tendency of 
/ any individual animal is to transmit to its off- 
\ spring, the form, constitution, and. qualities 
which it possesses ; and as two animals are con- 
cerned in the production of one offspring, that 
one .is expected to inherit a form and constitution 
j compounded of the joint qualities of its pa- 
f rents. Thus it is found in numerous breeds of 
j animals, as in deer, in the west Highland cattiie, 
/in the north Eievon, and in the wild cattle of 
ChiUingham Park, the of&pring for an indefinite 
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'number of generations, have borne the same ge- 
neral characters. These* are examples, where 
great numbers have contributed to the formation 
of the several breeds, and while the general cha- 
racter is found invariable, it is not observed to 
be accompanied by any general deterioration, in 
any essential quality: where any deterioration 
therefore, is observed, it is most probably ascriba- 
ble to one of two causes. 

1st* From some pecidiarity of circumstances, 
few animals only may be concerned in the pro- 
duction of the breed, and then, any individual 
defect must not only be transmitted uncorrected, 
but wiU necessarily increase. in the progeny ; a 
tendency to that defect being inherited by both 
parents, and botfi being immediately descended 
from its original propagator. This defect may 
be in size, from inclination to feed at an early 
age, to feed fat with a comparative small con- 
sumption of vegetable food, to lay that fat on 
valuable points, or in constitutional health, and 
according to the nature of the original defect, the 
breed will become bad graziers, or incapable of 
producing BXiy but an unhealthy offspring. 

2dly. The same effects may follow in breeds 
foriaed by selection. The selector may have be- 
gun with an individual living, some radical de^ 
feet in form, constitution, or quality : and if he 
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want judgment or opportunity to correct such 
defect, by employing other cattle of the same 
breed, free from such, his cattle will degenerate, 
as before explained. In the case of selection 
from a small number, it is also to be observed^ 
that the selector too often chooses the weakest 
male, because such appears of the most dehcate 
form, and nearest approaching to female sym- 
metry ; and if this be continued for a few gene- 
rations, it may be easily be supposed that such 
a breed will dwindle, compared to one- left to 
the process of nature, in which the strongest 
males driving off the weakest, are exclusively 
employed for the propagation of the kind. 

From these observations, strengthened as they 
may be by the long established practice among 
breeders of race-horses, &c., the result 'appears 
to be, that any deterioration from breeding in 
and in, is not a necessary consequence, but a fault 
in the judgment of the breeder. 

A Letter by Mr. Joseph Robinson, published in 
the Farmer's Journal, April 15th, 1816, in 
answer to " A Norfolk Breeder's Queries.*'- 

Qu. 1. How were the Northamptonshire 
sheep treated the first summer after going to 
fold? 
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Am. Picked the stubbles until they went to 
turnips, on which they were wintered, and at 
spring were removed to old grass land, and 
never eat clover or artificial grasses. When 
brought to-Whitsun fair, (May 17th,) such was 
the glut of mutton that a price was not offered 
for them, and three poiind ten shillings each 
would have purchased them. Not being sold, 
they were turned back upon a piece of old turf, 
where they remained all summer, without pro- 
tection from sun and flies, and gained thirty- 
five shillings each for five months' grazing. Had 
they been sold and slaughtered at the end of two 
years for three pounds ten shillings each, after 
being hard worked the first summer, their merit 
and great profit would not have been known, 
which undoubtedly is the case with thousands of 
the best animals in the nation. At the same 
Whitsun fair, there was a lot of the great Leices- 
ters, six in number, brought forward by a tup 
man, who occupies a farm under Lord Fitzwil- 
liam, which will feed any animal that possesses 
any feeding nature ^ and he has a father-in-law 
who has two of the best turnip farms in the 
county at command to winter sheep upon, and 
com troughs generally before them. Those six 
Leicesters, after feeding upon the cream of two 
or three farms, were brought forward to beat 
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the hard-worked Northampton^, which had been 
bved twenty-jboe year^ sire and dam without a 
cross, in the same county, in the same parish, and 
bred and fed upon one farm only. 

From the great indulgence of the Leicesters, 
they might at that time have been ten shillings 
per head more value; but the^Northamptons 
were supposed to have cut ten shillings worth 
more wool at two clips than they had, which was 
an equivalent. The Leicesters being turned 
back likewise, upon the farm of Lord Fitzwilliam, 
and kept through the summer, were expected to 
come again at St. Luke's fair, and to go to the 
cattle show, in Sadler's yard, at Christmas. Thus, 
while the Northamptons were paying thirty-five 
shillings per head for five months' keeping, the 
Leicester's made a retrograde motion ; the dry 
summer, sun, and flies, did not suit them, they 
went away like an owl in the desert, and their 
price and weight kept secret 

I do not see any good purpose answered by 
those honoured characters^ who are ornaments to 
our nation, bestowing their money to encourage 
the bringing forward the best trained and finished 
animals, effected by gathering the cream off the 
best farms in different counties. Not one farm 
or one coxmty produces them. I cannot see how, 
or by what means, the most profit may be made 



ON BBKEDING AND BEARING ANIMA£«6« 43 

of an acre of poor or middling land, which com- 
poses the great majority of the soil of this king* 
dom. If rent was paid by the head of stock, 
instead of the acre, it might perhaps answer the 
tenants purpose to bestow the indulgence upon 
a few animals ; but since rent is paid by the 
acre, the question with the occupier is, hcnjQ can 
we make the most profit of an acre of land ? 

Suppose soils were classed into thlree or four 
different classes; for instance, say land under 
twenty shillings per acre, land above twenty and 
under forty shillings, above forty and under 
sixty shillings per acre, and premiums offered to 
. persons who would bring animals forward mak- 
ing most profit of an acre of grass, cleaning up 
rough and smooth, — would not that answer a bet- 
ter purposte, as it would hold out encouragement 
td dijSerent classes of men and soils ? There is 
by far the greatest proportion of poor and mid- 
dling land, and on that must depend the princi- 
pal supply of the market. 

An attempt to improve the breed of animals 
for the shambles, by making choice of the largest 
males, is as ancient as it is fruitless ; and is it 
Dot strange to see it renewed in the nineteenth 
century, by the professed followers of a Bake- 
well? They say the attempt is laudable, because 
difficult to be obtained. Difficult to breed a 
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large good one? — A sufficient reason why I 
should object to it Shall we refuse the common 
necessaries of life, bread and water, because 
easy of access, and substitute in their room what 
is hard to obtain ? Will that do for the great 
national family, who are spending their strength 
for a bare subsistence for themselves and fami- 
lies ? They say it is easy to breed a little good 
one ; then is it not wisdom to accept the offered 
good ? 

'^ Not to know a treasure's worth 
Till time has stolen away the slighted good, 
Is cause of half the miseries we feel, 
And makes the world the wilderness it is/^ 

COWPER. 

I cannot, for one moment, suppose that the 
great or small size of an animal has any thing to 
do with his goodness as a stock-getter. 

** To find the medium, asks some share of wit, 
And, therefore, is a mark fools never hit." 

Again let me beg those luminaries to come to 
the test of reason. They say we cannot combine 
great wool and great mutton ; if we increase one, 
we decrease the other. Then what are they 
doing by enlarging the frame? Are they, by those 
means, diminishing or increasing the difficulty ? 
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As every animal is supported through the me- 
dium of the stomach, a wool-bearing animal has 
two demands,— to support wool and carcase ; 
nor can either thrive further than nourishment is 
afforded. Then how wrong to put large animals 
upon a poor pasture, that produces but little 
herbage, and that little, less nutritious ! 

Again, when they say it is easy to get a little 
good one, — ^if they mean by a good one, one 
which will produce a son better than his sire, 
and a third better than a second, and a fourth 
better still ; that is what I shall call a good one. 
If such a one is easily produced, do not the 
hungry, poor, oppressed tenantry, the great 
national family, in the name of all that is good, 
call upon them to do it ? Why trifle with the 
sacred wants and comforts of man ? 

Again, they say we cannot combine heavy 
wool >vith a good carcase. I believe not with 
long middles and high legs, or with whimsical 
fanciful niceties. But to say they cannot be 
combined upon any principle is wrong: expe- 
rience has proved we can do it with sheep that 
are calculated to live and thrive upon poor and 
middling soils. 

I am convinced it would be a valuable acqui- 
sition, if males to get stock were all bred upon 
poor and middling soils, and treated as common 
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grazing stock ; then they would appear in their 
true light What does pampering do, but de- 
ceive the unthinking ? And passing a bad stock- 
getter, not only wrongs the person who uses 
him, but injures the public, and ultimately falls 
upon the poon 

The man who produces a pound of flesh, or 
a bushel of bread com, where it was not pro- 
duced before, gives food to the hungry, and so 
far promotes the works of God in his provi- 
dence. 

Qu. 2. Is thirty-one months the most profit- 
able age to sell sheep, or to go to market at an 
earlier period ? 

Arts. The most proper time depends on cir- 
cumstances; if sheep are hard worked at an 
early age, they require more time ; but if in- 
dulged, will ripen soonen 

Qu. 3. What were they bred from, twenty- 
five years before. 

Ans. They were bred from a Dishley tup, 
put to Northampton ewes, before the name of 
New Leicester was known ; when Mr. Bake- 
well was rising out of the solitary vale whei:e ke 
could not meet his creditors, the vale in which 
he learned, by repeated experiments, of tying up 
d^rent sorts of sheep, and weighing foad to, 
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and refuse from them. By that slow and trowble- 
some process, he found which were the best of 
the different sorts he tried. When he had done 
this, such was the wayward prejudice of breed- 
ers in that day, they would not have them, and 
it was with difficulty he could prevail on any 
one to try them j the prevailing opinion was, 
too little, too little. Where they were tried, 
wonders were tyrought; they made great im- 
provement wherever they went, and no other 
sheep would stand in competition with them. 
ITien his sheep were suited to poor land, a hard 
common, the most so of any sheep. There are 
people now living who heard Mr. Bakewell say, 
that I, with my poor land, did him more credit 
than any man in the three kingdoms. !]fot the 
great man mistook the e£fect for the cause; he 
knew what constituted a pleasfing form, and what 
was a good quality, but his capaciofus mind was 
never led to consider what it was that gave the 
animal strength of stamina ; if he had known it^ 
surely he would have communicated it to some 
oiie, nor would he ever have departed from it 
He never thought how he procured it,^ or how 
be lost it } but when he had lost it, his sheep 
wei^e like Sampson when he had lost his hair 
and became as another man. When he had lost 
sterling worth, then he began to enquire after 
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the trappings of fashion. Then the general ques- 
tion was, — What will be in fashion two years 
hence? And some people yet living must re- 
collect what became the fashion : some of the 
worst animals that ever were introduced under 
the palliating name of Bakewell, — high blood. 
They had heads like snakes, eyes like hares, and 
not one feature of a natural sheep. Mr. Bake- 
well was a great politician, and by forming a 
society of nearly twenty learned men from dif- 
ferent counties, no other sheep ever had such a 
weight of interest twisted, entwined, and wreath- 
ed in their support. Under these circumstances, 
for a lot of sheep of any other sort to be brought 
forward to any public exhibition, were like an 
individual standing against a crowd ; and as they 
had possession of most of the best land in the 
kingdom, it must be something very superior to 
them to make any sort of stand against them. 
Be that as it may. Dame Truth is no gossip, if 
she is spoken with, it must be at home, for she 
will go to none, and without the old gentle- 
woman there is no certainty in breeding. I will 
appeal to any one -who has been a tup man for 
forty years, whether he has not been frequently 
disappointed, and sometimes received least when 
he expected most, and vice versa ; which proves 
that without that something, which a BakeWell 
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n»v^ kn&Wt no mercenary project, no combini^ 
tion of interest, can go straight forward to ixos^ 
provQ the breed of sheep. Improve, did I say ? 
I query whetiier there has been any improve^ 
ment in the breed of* sheep in Northamptonshire 
these last twenty or thirty years, other than what 
has arisen from indbsuresi which afiprd a shelter, 
and tine introduetion of turnips a^id clover, and 
the use of mercurial ointm^it I am peisuaded 
that what are i^aUed the New Leicesteis, are not 
near so good as they were ; in fact, without l^at 
sxmiething, going, into this or that county, or to 
this or that man, finr a male, is like a person 
afflicted with the rheumatism going to Bath for 
relief and not using the waters* BakewelPs 
^^leep^ at one time, would not only improve aU 
others, but would endure equd hardships, amid 
make more profit of an acre of land than any 
othier sort; WMld bear the inclemency of seasons, 
needed nothing to create desire and tiempt app0^ 
tite. And as he knew his sheep needed no eactrt 
indulgence, he would not let a person a tup, 
unless he would engage not to give the ofibpring 
corn. The professed followers^ of Bakewell have 
no objection to their customers giving <iieir sheep 
cwn, and every other indulgence, sparing no 
expense. They know that fat upon an animal, , 
like dmrity^ cov^s a multitude of faults^ It is 
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the prevailing fashion of some, now ticking 
about^ to produce large fat males ; and to what 
purpose, but to make a better hand of their corn 
than to take it to market : and knowledge, tak- 
ing the advantage of ignorance, dupes the ere- 
dulous out of their money. 

Can the great quantity of fat laid . upon an 
animal, at such expense, produce a better sta- 
mina in the offspring, or were ever the best 
animals produced from the largest males? If 
they wer^ Bakewell was wrong, altogether. Can 
it be right to call an animal from such an in- 
diligence and put him upon poor land to work, 
whereby he is brought into a rapid decline, 
when propagating his species; and may not a 
sudden transition of a male from a fat to a lean 
state be injurious to the constitution, and is it 
strange that they produce a declining stock ? 

Vaftous are the conjectures how or where 
Bakewell procured his sheep? He had them 
from Lincolnshire, not frpm the rich marshes. 
He there bought a score of ewes of a person 
who could not be prevailed upon to sell a fa- 
vorite tup, and agreed to give a guinea an ewe 
to have them tupped by him before they came 
home ; a great business-man, in Leicestershire, 
saw them on the road coming home, and heard 
something about the cost of tupping, and , who 
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told Mr. Bakewell, at Loughborough market, 
he would not have them at the price they cQSt 
the tupping, I think the original price was 
foui- gtiineas a-piece, and when he was under 
his misfortunes, his ewe lambs were valued at 
no more than eight shillings each : the best 
thills he ever was in possession of, and from 
which the tups that made hundreds sprang^ 
these were called the Dishley blood, in distinc- 
tion from that part of his flock, which were 
dashed with the Durham blood ; the former pos- 
sessed short legs and thick carcases ; the latter 
higher legs, longer and larger sheep with de- 
fective fleeces; sometimes a fine large animal 
was produced, but not being suited to the poor 
soils, did not wear like the others. 

Perhaps it would be thought arrogance in 
any person to say he knows more of sheep 
breeding than Bakewell did; but surely one 
may say some sheep are bred upon a principle 
different from any other sort of sheep upon the 
island. Whether they are better or worse, I will 
leave time and experiment to prove, but am 
persuaded that if ever that' principle becomes 
generally acted upon, the same quantity of herb- 
age which now produces two pounds of flesh 
will. produce three pounds; and then what an 
increase of wealth to the nation, arid what room 
for an increase of population ! 

•e 2 
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Although one sort of sheep cannot be right 
far all soils, if we must have two sorts of wo^ 
one principle may be right to breed all sorts of 
sheep upon, viz. that which will tuni a giveft 
quantity of herbage to the most advantage. 

Notwithstanding all the quackery and mystery 
generally practised, there can be but two ws^s of 
improving animals, viz. to breed from stock of a 
good stamina, and train them in a proper manner 
when bred. Dame Nature cannot be led, but 
may be followed and assisted by human art. 

Had Bakewell fixed a criterion, by which the 
public might ascertain what constituted a right 
animal for breeding stock, surdy after thirty 
years* steady pursuit of the object, the best 
sheep would be found in more hands than they 
are at this time, and the tupmen in different 
counties not for ever destined to a dependance 
on the few tupmen in Leicestershire for supp<H?t» 
and the public mind would have been at rest. I 
suppose the Dishley Society were formed for 
something like that, and to keep the best blood 
entire, that the public might know where to ftid 
it, but they seem as much divided in opinioQ 
as others; some say one thing is the best, an4 
some say another ; like Dr. Priestley when h« 
offered his services to make up a creed for 
the Church of England, and had not made up 
his own. 
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Qu. 4. Are they in the habit of making such 
prices? 

Ansi In the year 1812» Chwles Tibbits, Esq. 
having ninety cull ewes to sell, indulged a friend 
with thirty of the best of them, and the remain- 
ing sixty were sold fay auction, and averaged 
three pouncfe fifteen shillings each, when a no- 
bleman in the neighbourhood sold dne hundred, 
which averaged about fdrty shillings eaeh^ and 
a shear-hog was sltoghtered, that weighed nearly 
siji^teen stone»< to win a wager ; it paid one shil- 
ling and three-pence per week, for eighty-two 
weeks' keeping. 

In 1814, ten sheep were sold in a public fair 
to a stranger, which paid one shillitig and three- 
ptoce per head per week, for one hundred and 
four weeks* keeping; fifty, sold in a lot, paid one 
shilling and four-pence per week, for one hun- 
dred and ten weeks' keepings all grazed in a 
common way, without the aid of the scuttle, 
and have disscKrtled a cftrcase, which produced 
thirteen tod a half ounces df itiedt to a bare 
lAlf ounce of bone. 

The above sheep, all produced from male^ 
Itoed upon a farm that was supposed incapable 
of snppdrting a sheep thfough the year before 
I bought it. I would always choose such a si- 
taatknyy fnMi conviction that the best sort of 
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animal might be bred upon, and are best suited 
to, the worst soils, but not matured thereon. 

Qu. 5. Are they bred by measure, height, 
and length, or upon what system are they bred ? 

Am. As to system, they are not philosophers 
sufficient to know exactly how high the atmo- 
spheric air will raise sheep to make them perfect; 
,they know how many inches it will raise quick- 
silver in a glass tube, l)ut do not take that to 
be a measure of perfection for sheep, so as to 
render it necessary to take an exciseman's stick 
when they want to engage a male* 

Qu. 6. Any thing particular in the form of 
the face, the length of the ear, &c. ? 

Ans. This question reminds me of what a 
nobleman's steward said some years ago; he 
went into a distant county to procure males, to 
improve his master's flock at some future time. 
Seeing some Northamptons pass the porter's 
lodge, he asked where they came from; and when 
he saw the person who bred them, he asked 
him where he had the breed from. The steward 
said, the breeders in a distant county told him 
if he got such features, face, eyes, &c. he would 
have everything else accompanyingit; but he said, 
" I have the face, and you the every thing." 

The above letter is written in a stile bordering 
on the ludicrous, yet it is evidently much to the 
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purpose ; and although Mr. Robinson appears 
more inclined to taunt than to praise Bakewell» 
he fhmishes practical demonstration of the cor- 
rectness of Bakewell's principles. By Mn Ro- 
binson's own admission, Bakewell was in every 
respect equal to his task ; he took up and ^pur- 
^ued most honourably the same principles which 
Mr. Robinson upholds, until he found it would 
not produce the grand object, riches. The 
fact seems to be that Bakewell unfortunately 
experienced the fate of many men of first-rate 
abilities, viz. to have expended in the pursuit 
of science, more than he gained ; and perhaps, 
under the depression of heavy expense and 
mortification, was indu.ced to submit to the fas- 
cination of fame, and to court fortune through 
the medium of fancy or fashion. This line of 
coQduct, undoubtedly, gives Mr. Robinson the 
advantage of accusing him of a want of true 
patriotism, but it by no means supports the 
charge of ignorance. A man of genius, who 
can command the fashion, will feel no diflliculty 
in putting himself upon an equality with the 
plodding man; but the plodding man can never 
place himself upon equal terms with the man 
of genius, as a leader of fashion. Bakewell, in 
the pursuit of perfection iii the way of business, 
became so thoroughly acquainted with the laws 
of nature, as to be able to lead her to her^ 
£ 4 
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utmort limite, aiid having succeeded m attract- 
ing the attention of those that were able and 
willing to pay for fency, he comitHtCed but a 
common fault in availing himself of such an 
ample resource for retrieving hisl fi^rtune^ 

Mr. Robinson's experience in every reiqiec* 
sustains Bakewell*s principles of breeding, btlt 
he has the merit of marking the true pc^nt 
where the husbandman ought to stop, and he 
justly describes what ought to bethd object of 
every man who seeks to mi^e the most (rf his 
land. The landlord often drives, and rides, a 
horse high-bred ; but from this, it is not to be 
concluded that the tenant ought to breed his 
horses from the same stock. Strange as it may af^ 
pear, it is well known, that fashion reigns as pai;^- 
mount among what are called, the simplepk>dding 
farmers, in determining their choice of stock, as 
among the weaker sex in their dress; and the 
farmer looks with as much envy Oil the esquire^s 
made-up ram, or bull, as his wife or daughter, does 
at the lady's bonnet : and thu^, although from 
the nature of the farm, he cannot support in 
health and vigour a sheep of one*f6urth the 
size of those which llie esquire produces, or 
purchases at great prices, and sustains by artifi^ 
dal means, he will do the best he can by buy* 
ing his cast-off rams: md thus he produces a 
long, shanky race of animals, witih aitHMt m 
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much bcme and hair as musclci mad wool; 
imd wlMitis^tillas8traiig0y this Gabion alio ex- 
tendi to the gnuEier ; his agent at the &ir locds 
out for a oojow frame <tf bone^ and pemiadte 
him it wil carry more &t ; and tins practice is 
become 80 gen^al^ that thebutc^rs* staUa ex- 
hibit nothing but hu-ge^ coarse jointa of muttoiH 
consisting of fat sineii^ and bone ; ttid small Mut- 
ton is so scarce^ that the public are induced to pay 
one penny per pound more for lamb, irom the ge- 
neral dislike and inconvenience of large mutton i 
and tiuis throughout, ignorance and credulity 
xe fed by ignorance and vanity, until reason 
itself is obliged to give way. Mr. Robinson's^ 
as well ad Bukewell's prmcqiles, are i^scontroverb* 
ibh y sind by iS>llowing the plans and maxims of 
fJie fi>rnicr, no doubt Uie hiUs and valleys of 
Wiltshire, Hampshire, SomersetBhire, Dorset^ 
Sussex, &c^> may be made to breed and fatten tbe 
most d^dous mutton^ whereas, at presraty they 
are wholly devoted to the rearing of animab 
which are little better than coarse frames of skin 
and bones, to be filled up with tallow and grea^ 
by being bloated with artificial food^ or in the 
gross tmwlu^esolne pastures of the lowlands and 
iJBlaarshes. 

How much woidd* genflemen, possessing hill 
farms in those counties, add to the pleasures 
and comforts afforded by their country^ as wor. 
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;as increase the public stock of provisions, if tibey 
would devote their attention to the rearmg of 
•isheep, and fattening them on the same farm, as 
Mr. Robinson has dbne^ than by continuing to 
indulge in the vanity of excelling their neigh- 
boats, in raiedng large, raw, bony carcases, to be 
crammed by others in distant districts I 

In the production of wool, it is well known tiiat 
the climate, and natural produce and constitu- 
tion of a farm, will of itself estabUsh a medium 
or proportion between the quantity and quality 
of wool J thus, it is found that the wool pro- 
duced on one farm in Sussex, is of superior qua- 
lity to that produced on another, evien at a short 
distance, although eivery means of changing 
and crossing had been resorted to. Indeed, 
what else could have established and naturalised 
the beautiful breed of sheep called the South- 
downs, and the valuable breed of Dorsets, or the 
fine large long- wooled Leicesters, but that of the 
breeders confining themselves to the assisting 
nature, by selecting and pairing those animals 
which were best adapted, in their local situation 
and circumstances, to make the greatest return 
in wool and mutton at the least expense ? 

If the farmers of the South-downs had conti- 
xiually crossed with the Leicesters, could they 
have produced sheep equal to Leicestershire? 
or the Leicestershire farmers, by drossingwith 
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^oiith*Klowns, have produced sheep eqtial to the 
^outh-downs ? Certainly not j then why pot? 
The nature of the food and the climate would 
not admit of it ; and this mode of reasoning will 
apply to every county, and almost to every f^iln. 

It will cost very little more to breed a ram, 
than an ewe; and, therefore, the farmer who in a 
general way pays more for a ram than the extra 
price of breeding, added to the value of an ewe, 
pays so much to proclaim his own inability and 
comparative ignorance. 

A striking instance of the indulgence Of 
farmers in fashion or fancy, even at a consider- 
able sacrifice, is exhibited in the black &.ces and 
legs of the South-down sheep. The great value of 
those sheep overany other peculiar breed, consists 
in the superior quality of their wool ; but by the 
means adopted to preserve the black faces and 
legs, black hairs are extended into, and som€^ 
times dispersed through, the fleece ; and as the 
locks containing black hairs, are unfit to make 
white or light-coloured cloths, these must all be 
thrown out, before the wool is in a fit state for 
the manufacturer ; and the quantity and reduced 
quality of this is such, as to reduce the value of 
the whole fleece, 2flf. per pound. 

The OTily. object in preserving thiS; striking 
mark, that Ihave ever heard explained, is, that 
such sheep are more hardy j but if by this is meant, 



60 OK VmSBDIITG ABTD REARING AHIMAl/S. 

thitt they are better enabled to endure otAd wet- 
ther» than they trould if their faces and legs 
W^e whiter thi* ia» on the clearest physical 
piineipledy erroneoas^ and contrary to nature. 
Thus we find in all the mo^t northern c£matesi 
that those animals wfaidl tote of a darh colour, in 
the wann se^sons^ <;hange to white in the winter, 
without which ihey could not endnre the severe 
oAd they are doomed to encounter. Ag^dn^ we 
see the beneficence of our Great Creator has 
given the native man of the burning climate of 
Africa a black skin. Black absorbs attd gives 
out heat more rapidly than white ; as, in other 
words, any body that is white, will retain the 
heat which is engendered within it# mudh longer 
than that which is black. Thus the white animal 
in the frozen regions, is tabled to retain its 
beat in a due degree, to preserve its health; and 
the black man, by a rapid ^nission* of heat, is 
protected against thoste dreadfbl fevers^ the fre- 
quent consequence of accumulated heat, by a 
tetentiVe white dkin. It is this principle which 
determines the diflSerence in temperature of 
ildfls. A black soil wUl, in a given tiafie, arid 
in the same exposure to the sun^ acquire 
eight or ten degreed of FaTenheit itiste than a 
white) and m an exclusion of tbd sun^ the 
black will soon be reduced many degreess below 
the white. 6» 
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AhtHQVQH the e^rth ^ppeans capable of af- 
fording a^pontmeou^^ produce in v^p^labl^s aod 
fiuait, her poweirs ^ pvQdwtioia o^ principle* «f 
fertilijtj, aore found to be limited^ ajad to ^mt m 
different degi^ees, in di&r^t portions ; and it hni 
^Ibo been clearly proved, tl^ wheiie tbo^e powei» 
and principles abound in the greateat force* they 
are sooner or later decreased and exhausted 
by the growth of vegetables, according to th« 
GOQstitution» situati(Hi» and eircum»l;anees of the 
soil It, therefore, is an object esseiastial to the 
9rt of agriculture to aaeertain the causes ^ 
principles of fertility and storility, as the on]h|r 
means of acquiring the power to remedy defectSi 
remove opposing matter^ make good deficienciea^ 
and, generaljiy^ to preserve and continue the land 
in ^ most productive state. Every husband^ 
man or agriculturist inay be supposed capable 
of judging, what stock of a nima ls his land is 
peculiarly calculated to support^ in its immediate 
state ; and iJ^ firom a knowledge of the q^ntity 
and kind of fiiod such aninmls requke^ and the 
influence of lodging and climate on thenu But 
a knowledge of, tbe nature and application of 
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food to vegetables, and the influence of lodging 
and climate on them, is not so generally under- 
stood } yet it is equally necessary it should be, 
as it is this alone which can .enable a person to 
follow cultivation successfully. 

It has been demonstrated by direct experiment, 
and is admitted by all philosophers, tkai eMth 
alone, in any combinatioaaf its primitive or sim- 
ple principles, i» incapable of maintaining plants 
in lu^Ith, or to enable them to attain maturity ; 
that vegetables require food to sustain them ; 
that- their food consists of animal and vegetable 
matter, reduced by d^co^position^ to a soluble 
state; and that such food can only be taken up 
or consumed by plants, in a state of liquid, 
through its roots; but of wb^ peculiar ele- 
ments or principles SKR^ food is composed of^ 
by what, fineans prepared, or how the requisite 
fttoportidn of the liquifying medium is deter- 
mined ; or by what peculiar powers such food 
is taken up by vegetables, and digested, and 
appropriated to their various increase and pro- 
ductions, are as yet subjects of discussion and 
uncertainty. 

To establish these points, it has been found 
necessary to discover and investigate the ele- 
mentary principles of which vegetables and ani- 
mals are composed ; i and also to ascertain by 
what organic powers the process of vegetation is 

6* 
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carried on ; and by what means these elementary 
principles or substances are collected^ com- 
bined, put into action, and appropriated or dis^ 
posed, of ; and likewise, the composition or con- 
stitution, and properties of tlie earth, and the 
manner in which it contributes to the formation 
and sustenance of vegetables. To accomplish 
these things, some of the most eminent chemical, 
philosophers of the age have given their attention, 
and a very comprehensive little work on the sub- . 
ject has been published by Mr. Kirwan. fliu. 

Sir Humphry Davy was also induced by the 
Board of .Agriculture, to give to the public a 
regular, course of lectures on agricultural che- 
mistry; and as those two eminent professors 
have in their works, given the subject a foil at- 
tention, and considered it in all its various parts, 
apd their authority being generally respected 
BXid relied upon, I shall confine my observations 
and reference, on this part of my subject, chiefly 
to them. 

Sir Humphry Davy justly observes, " It is 

•** scarcely possible to enter upon any inyestiga- 

"tion in agriculture, without finding it goq^ 

<< nectisd more or less with doctrines or elucida- 

" tions derived from chemistry. 

" If land be unproductive, and a system of ^ //^ 
«• ameliorating it is to be attempted, the sure i 
''mie^thod of obtainii^ the object is by^deter^ 
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<< miniiig the cause of its steiiiity, which must 
** necessarily depend upon some defect in the 
•* constitution' of the soil, which may be easily 
** discovered foy chemical analysis; some lands 
**. of good apparent texture are yet sterUe in a 
^* high degree, and common observation and 
*' cainm<m practice aflbrd no means of ascer<- 
^ tatning the cause or removing the ejpfect« 

<< The a{^tication of • ch^emical tests in such 
^< eases 13 ob^dous, jfor llto sml most containsome 
^< noxioiis principle, which may be eadiy dis* 
** covered, and, probably, easily 4^troyed. Are 
** any of the saks of iron present ? They miiy be 
'^ decomposed by lime. I^ there any excess of 
** siliceous sand ? The syeibmi of improvemciit 
*^'nrast depend on the application of clay s^nd 
«^ calcareous matter. Is there a delect of cai^ 
^ careous . matter ? The remedy is i^viMis. Is 
*^ an excess of vegetable matter nidiciitod? It 
** may be removed by liming, paring, and bum* 
. *• ing. Is there a deficiency of vegetable^matter?. 
•• It is to be supplied by maeurev^ 

. He also says, <*^ The phenomena <if vegetation 
** must be considered as an important branch of 
*« the science of organized nature^ but though 
*< exalted above inorganic matter, vegetables 
«c ^j^ j^ ]j^ ^. great measure^ dep^idant for 
••their exitftence upon its laws. Tliey receive 
"their nourishment firom. the ejttemal elements; 
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f^ they asflimilateit by means of peculiar oi^gans, ) 
<< and it ia by examining their physical and 
^< ch^nical constitution, and tlie substances and 
<^ powers which act upon them ; and the modi* 
•* fications which they undergo, that the scientific 
<^ principles of agricultural chemistry are ob- 
" tained. 

'* According to those ideas, it is evident 

* ** that the study ought to be commenced by 
** some gener<d inquiries into the composition and 
^< nature of" material bodies, and thelawd of their 
'^ changes. The surface «f the earth, the atmcx- v- 
f* sphere^ and the water deposited from it, must, ) 
" either together or separately, afford all the I 
^* principles concerned in vegetation ; and it is / 
^' .only » by examining the chemical nature' of ( 
^<. tliese principles, that we are capable of dis- ) 
f^ covering what is the food of plants ; and the / 
^< manner in which this food is supplied and pre- ^. 
^* pared for their nourishment ; the principle of V 

. *« the constitution of.bodies, consequently, should I 
V £^shthe first subject for our consideration. ^ 

** By methods of analysis,* dependent upon 
<*' chemical and electrical instruments, discovered 
<< in late times, it has been ascertained that all 
«< the' varieties of material substances may be 
** resolved into a comparatively small number of 
^* bodies, which, as they are notcapi^le of being 
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" decompounded, are considered, in the present 
" state of chemical knowfedge, as elements. 

" Thft hnfiift q itif>ap^ ^le of decompositjon at 
" present known, arefort^jgeven; of these, tjiirty- 
" eig ht are metals ; six are in fl2|.mma ble bodi e s| ^ 
" and three s ubstanceS t^which unite with metals 
" and inflammable bodies, and form with t|iem 
« addSi^aUcalies^.^^ analo gous com-, 

" pounds. 

«* The chemical composition of plants has, 
. " within the last ten years, been elucidated 
<* by the experiments of a number of chemical 
" philosophers, both in this and other countries ; 
" and it forms a beautiful part of general che- 
mistry. If the organs of plants be submitr 
<< ted to chemical analysis, it is found that their 
" almost infinite diversity of form, depends Upon 
I " different arrangements and combinations of a 
very few elements j seldom more than seven or 
** eight belong to them, and three constitute the 
" greatest part of their organised matter. 

" All the varieties of substances found in plants 
«< are produced from the sap, and the sap of plants 
« is derived from water, or from the fluids in the 
^* soil, and it is altered by, or combined with, 
** principles derived from the atmosphere.'* 

And again: '* If any fresh vegetable matter, 
" which contains sugar, mucilage, starch, or 
" other of the vegetable compounds soluble in 
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** water, be moistened and exposed to air, at ^ 

*^ tenipergture of from 50° to 80°, oxygene will 

*^ soon be absorbed, and carbonic acid formed ; 

** h^twill be produced, and elastic fluids, prin- 

^^ dpally carbonic acid, gaseous oxyde of car- 

** bon, and hydro-carbonate will be evolved ; a 

** dark-coloured liquor of a slightly sour, or bit* 

:** ter taste, will likewise be formed, and if the 

** process be suffered to continue for a time sufli- 

** ciently long, nothing solid will remain, except 

** earthy and saline matter, coloured black by 

<* diarcoaL 

** Animal matters are in general more liable to 

** decompose than vegetable substances. Oxy* 

** gene is absorbed, and carbonic acid and am* 

** monia formed in the process of putrefaction ; 

^ they produced compound elastic fluids, and 

** likewise azote ; they afford dark-coloured acid, 

*« and oily fluids, and leave a residuum of salts' 

*« andearths mixed with a calcareous matter. The 

*< ammonia given off from animal compounds, in 

** putrefaction, may be conceived to be formed 

** at the time of their decomposition by the com- 

*< bination of hydrogene and azote. Except this 

** matter, the other products of putrefaction are 

** analogous to those afforded by the ferment- 

^* ation of vegetable substances ; anH the soluble 

<• substances formed, abound in the elements, of 

F 2 



(58 OK THE CULTIVATION OF THE EARTH. 

<« which are the constituent parts of vegetables^, 
" in carbon, hydrogene, and oxygene. 

•« The circumstances necessary for the putre- 
•« faction of animal substances are similar to those 

required for the fermentation of vegetable sub- 
^* stances ; a temperature above the freezing 
^* point, the presence of water, and the presence 
•* of oxygene, at least in the first stage of the 
" process.** 

He likewise says, *^ S oils in all ca ses consis t_of 
" LSaiS&je^pC diflferent^^^^ 

" ters, with animal or vegetable substances^ in a 

j «* state of decomposition, and certain saline ingre- 

^* dients. The earthy m attfii:& are the tr ue basis 

" 9t^^^.>>&^^!J^^S^9i^^IJP^^l9 whether natural, 
or artificially introduced, o^^r^s^BS^n^jQuj^QS;^ 
Four ea rths geneigllj_abound in^fchj^olis : the 
" alumin ous, the siliceous, the cal£S;gpus, and the 
magnesian. These earths, I have discovered, 
^< consist of highly inflammable metals united to 
" pure air or oxygene ; and they are not, as far 
" as we know, decomposed or altered in vege- 
« tation/* 

Mr. Kirwan says, " All plants (except the 
** sub-aqueous,) grow in. a mixed earth, moist- 
" ened with ndn and dew, and exposed to the 
«* atmosphere. If this earth be chemically exa- 
" mined, it will be found to consist of siliceous^ 
" calcareous, and argillaceous particles j often 
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*^ also of magnesia in various proportions, a very 
** considerable quantity of water, and some fixed 
** air. The mo3t fertile also contain a small 
" portion of oil, roots of decayed vegetables, a 
"coaly substance* arising from putrefaction, 
" some traces of marine acid, and gypsum. Oh 
"the other hand, if vegetables be analyzed, 
" they will be found to contain a large portion of 
** water and charcoal, also of fat and essential 
" oUs, resins, gums, and vegetable acids ; all 
** which are reducible to water, pure air, inflam- 
"-mable air,, and charcoal ; a small portion of 
" fixed alkali is also found ; some neutral salts, 
. " most commonly Epsom, tartar vitriolate, com- 
" mon salts, and salts of sylvius. 

Thus far, we may consider all things reducible x 
to primitive principles, or simple substances, and J 
the opinions of these great men are accordant : ', 
our next object must be, to consider how those ' 
principles or elementary substan^ces ^e again 
to be brought together, put into action, and 
combined ; and particularly for the difierent pur- 
poses of husbandry. Agreeably to the rules of 
chemistrv, to denw)nstratetibecorrectness of an 
analystsVofaSy Doo^^ that the 

same body be again produced by a recombination 
of the n^ti^di^covered, and this is called a s^t 



thesisTnWt Utnough it is clearly obvious to the 
^ f3 



70 ON THE CULTIVATION OF THE EARTH. 

most simple observer, that notwithstanding the 
apparent ultimate destruction of every visible . 
substance, the same quantity of both animate 
and inanimate substances always exist, and it 
may be justly concluded, that the process of 
naturel is carried on by a kind of transmutation^ 
or change in the relative connection of matter, 
brought about by certain processes of death and 
decomposition, and restored again by the action 
and dissemination of certain principles of life and 
recomposition ; we cannot, by artificial means 
alone, etfect 6uch a combination of those princi- 
ples, or elementary substances, as to form either 
animals or vegetables, and we are therefore inca- 
pable of demonstrating by synthesis. 

On this pmnt^ Sir Humphry Davy remarks,. 
** What may be our ultimate view of the laws 
** of chemistry^ or how far out ideas of ele- 
*^ xnentary principles may be simplified, it is 
** impossible to say ; we can only reason fronw 

facts ; ^e^aimot imitate the powerso^jcom- 



" positionOdoloriging tt vegetable structures, but, 
^* at least, we can understand them j and As far Sis 
" our researches have undergone, it appears, that 
^* in vegetation, compound forms are uniformly . 
" produced from simpler ones : and the elements * 
** in iimmmAy the atmosphere, and the earthy 
•* absorbed and .made parts of beautiful and 
*^ diversified structurtes.** . 



71 



ARRANGEMENT OF CHEMICAL PRINCIPLES, 
AND PRACTICAL DEDUCTIONS. 



Before entering into a further inquiry of the 
principles of any particular operations of husban- 
dry, a general view of the workings of nature in 
her various processes and proceedings, may ma- 
terially assist in directing attention to the proper 
points; for this purpose, the foUowirig explan- 
ations and arrangement are offered. 

AU things that constitute an im ated nature are -sfry-^ '^*;^ . ' 
rP^jjr^ihlp to the saipe priffl^l^iyp or e^^pn^^t^ry jJuHi't ^^ 
princip les, — viz. oxjgeoe, hydrggene, ni troge ne, j 
c arbon ^ and e arth . The three first are pennanent 
elastic fluids^ or gases; the fourth a permanent/ 
Riihst^nce: and although the earths are:pri)Y£d bv\ jV 
Sir Humphry Davy, to h^ ronnpnpT^^^a nf highly 
v[}fi2Z:j\M?^ IWfrf;^^!^ m^ ^^YfT^nf 1 ^^ ^^^ W ap- 
pear that t ^^Y ^^? f9v^^ m ^py ^tihc^ ^^^^^ than n^ 

smjfi ^^ in vegetables o r aniiyials : nor| 

tliat it IS necessary they should be further subdi- 
vided, either for the reproduction or suste- 
nance of vegetables, or animals. I shall, there- 
fore, take the liberty, in the pursuit of my^ 

V 4f 
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JL^ t subject,, to consider the earths as elementary 

/ principles. er^uM^U^ 

Oxygene is the vital air of life, the prinaple^ 
of combustion, and the vehicle of heat, — the 
pure air of Kirwan. 

Hydrogene is the basis of inflammable air, 
and is the lightest of all ponderable things^— *the 
inflammable air of Kirwan. 
\ Nitrogene or azote is the opposite of oxy- 
gene, and is incapable of supporting combustion, 
and animal life. 
^^ Carbon is the basis of common charcoal, 

^^?[^^^ // divested of all its impurities. 

Atmosnheric air .is compounded of 1^^^/>^ 
different permanent : substances, ox£gene_^and 
nitrogene, combining and uniting in certain 
proportions, and rendered serial by the expansive^ 
power of heat or caloric. 

Water is formed by the two permanent sub- 
stances, ^^^yrf^'Ufi ^"^^ ^ydr^C^^^i combining or 
uniting in certain proportions, and which, in its 
common state, always holds a certain portion of 
earth in a state of solution, and generally of 
carbon also^ 
I . AlJjl?8fiL %niP"^P^ suhst^^ are in them- 

) i^ropoitj ons^orm the who le of bo th anim als an d^ 
\ " ^gg^tobleg^ it c leariy appears that q fdmal j^^ 
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vegetable m atter, in the general composition and' 
continuation of the wo^ d^ is divisible on ly^ a j^nni 
d estructible: and that t heref ore, . as far as we are i 
able to comprehend, the animal and vegetable 
parts of the creation are continued and sustained 
by transmutation : or, in otiier words, that the 
process of n ature in creating and constructing, is 
carried on bv the continued operations of compo- 
sition an ^ dffnnnipnf;]|inn. 

Thus animals forming the superipr part of, 
re jendowed with the powers ol 
digesting, and decom- 
posing tiie substances of both animals and 
vegetables. 

And vegetables limtmmmmmmtmmiKikm^y 
JSmmfA^ se^m peculiarlv designed. by nature 

iiMMI-^liMMMMiaMMM^ th< 



the creation,. 



animated world, by bringing the ^ 

stances again into union and action^"'**-^^ 

Animals devour both animals and vegetables 
to support themselves,' and by this they are at 
the same time made instrumental in preparing 
the food of plants, by facilitating the deconv* 
position of both animals and vegetables. 

From the peculiar organisation of vegetables, 
their food can only be taken up in a state of < 
^uid, and water is the only vehicle by which it 
can be administered. 
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Whatsoever^ therefore, constitutj&s the graq4 
invigorating or acoxmulatin^principlp in the food 
I of plants, ^ufit be redi^ip^ toa s^^ 



or be placed in a state of minute mvi^ 



%^>^ 



Although water in its pure 3tate contains hy* 
drogene ^d oxygene only, as. it is nece^^^rily 
I brought in contact^itb, ^made to pa$s through 
anunal and vege^BiIe^l^^uSstanceSf (which are 
always scattered over the sur&ce, or contaioied 
in the soil J before it can c^a£ within reach 
of t hg r oots, it disson^es, -M^effM^MMPS and 
carries^th it the carbonac/eous ^^atter.y^^j^^^^jjp;;^^ 

Plants po ssess the power of decoIDPosi^|g w% 



^ter, andy tTift rnrnpositinn nf thfiir awn vari/iijs 
6ubstances>\)f retaining and g ^p p lyin ^ the fcMJion, 
hydro^apeae, and eait h> anid a pvr^^'^F? ^ f Qyg ^gy 
and at the same time nf pnf|ittii7g t^^ pipftHpur^ug 
oxygene as excrementitious. 

Animals by respiration decompose t|ig a t fff^ 
^spheric air, retaining the oxvgene, anij f^mit^jng 
le nittogene. 

Animals and ve^tables wh rn ^ppriv ed of ^ jifc. 

and left to spontaneous decay> atje decomposed 

by fermentation^ laid by tius'process^ carbon, and 

^earth are deposited, aijid oxygene, 5which is in- 

reased b v absorpjaim, is disposed of, hpsfmt 

/forming*xa?bonic oicyde, and part carbonic acid 

'gas: th e^hydrog ene^an^ niir^yf^ny/ are ^piij^fef^ 
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as simple gageg, or united aA ajmnonia: the 
hydrogene also, is often combined with carbon^ 
forming carburetted hydrogene gas. 

Carbonic acid gasy cwMfacedjir, is formed by a ) C2^ 
certain portion of carbon being dissdyed and/ 
held in solution or^ombination t^oxygene, 
and is more pmiderous tiian atmosf^ric air. 

Ca/rbm ^ir axir^ is composed of carbon, and a^ 
portion of oxygene less than sufficient to pro- 
duce cM-bonic acid. 

Carhuretf:^d hydroge| ie gas, is carbon dissolved 1 
in hydrogene, and is much lighter than atmo- \ 
«pberic air j it is tiiis gas by which balloons are / 
inflated, and which is burnt to give light, instead \ 
of oil, &c. in lamps. : • 

These elements being thus separated, are / 
again combined by the various processes of 



nature. 

By the combustion of electricity, the oxvgene 

^as emitted ^y y^lTl^f^^^*^ *"^ ^^^ hydrogene gas \ 
bv putrescent animal and vi-g^^h]p. matf^r. ace / 
united and fortQjsSlta^i wd the proportions are \ 
85 oxygene, and 15 hydrogene. By natural affj- \ 
nitv^oxyfi^e ne ^as is combined with if\& niti-ogeT^e / 
gas, thrown off by the respiration of animals, \ 
and a tmospheric air forme d ; and the proportions I 
are 22 oxygene, and 77 nitrogene. \ 

Carbonic acid gas, from its density, is readily j 
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brought in contact with calcareous, carbona- 
ceous, and metallic substances, and also with 
water, and by these absorbed or decomposed. 

Conformably to the preceding doctrines, the 
cultivation of land, naturally is divided into 
two important 9]^f^^^'^^^^^^^^^ 

First, Tho n i ^^mi^r^p^ (^ y^& or oon»ootiiig 
thoougfaou4;>f the etai ' thi a nd the. fl«b "<i o il, that it 
may receive and regulate a due supply of water, 
and afford a proper accommodation for the roots 
of vegetables. \ 

Secondly, The regulating and furnishing the 
needful supply of food for such plants, amA for 

as it may be desirous tOjCulti^teyx/**^ 



iAmmmttmfifmii^fm the soil is best 
adapted to support. 

To be enabled to form a correct judgment on 
these points, it will be necessary, first, to com- 
prehend the nature and properties of the roots of 
plants, and also of their stalks, branches, and 
leaves. 
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ON THE ROOTS OF PLANTS- 

To give life and motion to the seeds of plants, 
a certain portion of water, and of oxygene or 
vital air, and a degree of heat of about 5if Fafc- 
renheit, is necessary. A seed being placed in 
the earth under these circumstances, it imme- 
diately absorbs moisture, and gradually swells 
to the extent of its shell, or skin, when the 
radicle, or first root, protrudes itself, and in 
whatever position the seed be placed, assumes 
ar perpendicular direction, and gradually m^es 
its way downwards into the soil; and the g€*inerui 
also assumes a perpendicular position, and grows J 
upwards. A great number of experiments have 
been made to ascertain the peculiar principles, 
which influence and give direction to the first 
rudiments of plants, and many are recited by 
Sir H. Davy ; but whether the first inclinations 
of a plant be considered as instinctive, or whe- 
ther, by the influence of any peculiar principle, 
•^the root is impelled forward into the earth, is 
of trifling importance to the practical agricul- 
turist: and whether it may be accounted for on 
the principles of gravitation, or attraction, it is 
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not necessary for my present purpose to discuss. 
«i8 progressive in its growth, similar to the 
branches, but in an inverted direction. 
' As the branches of a tree are formed by a 
very tender and succulent point, pushing up- 
wards into the air, so the toot penetrates down- 
wards into the earth ; but as it has to make its 
way threi]^ the pores, or betwe^i the particles 
OMiposing the soil it is planted in, which is 
often dLose and tenacious, its first projecting 
points are wisely adapted to the purpose, by 
being much miore minute and compilable, which 
enables it to advance almost as readily as water. 
After a root has effected a passage, it is en- 
dowed with considerable expansive and repul- 
«ive powers, and thereby enabled to make its 
way, by pushing off on all sides the encumbering 
soil. When the soil is but partially submissive, 
the root accommodates itself to the cavity, ad- 
mitting its increase, however rugged and irre- 
gular. Roots are, notwithstanding, impatient of 
resistance, and at all times evince a partiality 
for that soil which is most accommodating, and 
ran most evenly and luxuriantly, where they 
meet with the least resistance, and the greatest 
supply of nutriment. 

The office of the root is to collect and supply 
the food, which forms and determines the future 
8* 



ON THE ROOTS OF PLANTS. 79 

plaikit and its produce, and the constitution and 
habits of the roots determine those of the stalk, 
branches, and leaves ; if the roots grow kixuri- 
aatiy, the branches will also. 

A variety of means have been resorted to by 
phytologists, to discover and a«certain the con- 
struction and principles of action of the roots 
of plants, and as various and contradictory have 
been their opinions and representations ; but in^^ 
tjie m aterial point all afree ; and the most mi- ^ 
nute exatnination, by the most powerful micros- 
cope, confirms the fact, that the food of plants 
j^an jonlj he t aken up by 1; ; he roots in a state of 
solution i n water^ or suspended i n a state of d 
vision^ so minute as to be equal to a solul^on. 

In a deep tenacious soil, or clay, roots can 
only find a free passage through fissures or 
clefts, which are formed by its occasional con- 
traction, and as these openings are not very 
numerous, or close together, the roots do not 
divide much, or become fibrous, but those 
which strike into them range wide and deep, 
and getting beyond the general influence of the 
sun and air, collect their food, or sap, from a 
source ill adapted to ftuctification ; and, conse- 
quently, plants under such circumstances are 
generally fpund to be of a cold, aqueous, un- 
healthy, and unprolific nature : on the contrary. 
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when a soil is light, porous, and shallow; the 
roots meeting no obstruction, divide and form 
a great number of fibres, which ranging hori- 
zontally, and being more exposed to the effect 
of sun and air, incline a plant more to be- 
come fructiferous than to an increase of wood, 
or an extension of branches; and in such a 
situation, the greatest supply of food being ap- 
propriated to the production of fruit or seed, 
the plants grow less to stalk, branches, and leaf 
Hence it is very truly remarked by an inge- 

I nious writer on fruit trees, that " they produce 
the most gen^ous fruits when their roots spread 
near the surface of the earth," and whether we 

/consider such effects to be produced by the 
roots being kept more within the influence of 
the sun and air, or by the peculiar nature of 

I the food supplied by the soil in such a situa- 
tion, it operates in support of one and the same 
conclusion, viz. that it is necessary the roots 
should be kept near the surface ; for whether 
that which supplies the food of plants be a red, 
a black, or a brown loam, or sand, or clay, the 
proper quality of food, «yHriK4MH0ilMiplwt, 
induce fructification, and produce the most 
perfect seed and fruit, and the most abundant 
quantity, can only be ftimished within a certain 

.depth. 
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Thus the roots having collected and absorbed, 
or taken in, a supply of food or nutriment, for 
the sustenance of the plant, the next object' 
for consideration is, how, or in what manner, or 
by what means, such food is disposed of, and' 
appropriated to the uses of the plant, and to the 
formation of its various substances ; and this I 
shall proceed to show is determined by the 
leaves, stalk, and branches. 
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ON THE USE AND OFFICES OF THE LEAVfiS, ice. 



Ufon i^hat f)f infdples, and by what apfilifc*fion 
of power, the rite of the sap from the rMtM^ 
and its distribution and traiisf brmatio» into the 
different parts and produce of the plant, is con- 
ducted, is a question that has long been agi- 
tated, and which has given rise to much spe- 
culation, argument, and difference of opinion 
among the learned. The use and office of the 
leaves of plants, also, have been a subject as fully 
argued and discussed, and with as Uttle prac- 
tical effect ; but these objects are of much more 
importance than is generally considered by agri- 
culturists. The nutriment being received from 
the root into the stalk, becomes what is termed 
the sap, and this is sent forward and appro- 
priated to the different purposes of the plant, 
in which process the leaves will be found to be 
agents of great influence in determining the 
produce. 

Many describe the sap in vegetables as circu- 
lating, like the blood of simmals, through an 
appropriate system of vessels jVhilst others deny 
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^ p<M»ibilit3r of stich e»rcuI«tion» or even the 
existence of such vessels. 

Ife'adley: says, « The mmy ciwrious observe* ^-i^ 
<^ tibns wfa^zj) have been made concernidg the 
'^striictare of a^dmal bodies^ and what Dn 
<^ Gorew^ JMfal^igius, ftadntyadf tmve F^iiark^» 
<* in the uttuctore of vgget ablea^ ma/y asceartain 
** to us^ thatMe, wb^iher it bef aeitt^ or vege^ 
<^ tabfe, mmst be maiiitaiaed hy a due direula- 
•* tixm and ddstpibntloti of joiiSces^ m the bodies^ 
«« iJH^ are to support/* 

<< The ssp circulates in the vessel^ of i^a«t8> 
« much after the same manner as the blood 
<< doth in the* bodies of animals.^ And after a^ 
variety of abstruse argumenitei. he says, ^< In^^ 
'^fine# aplbntis like an afembiiCi, which d^istils^ 
<< the juices of the earth ; as, for esaxs^e, tbo 
<^ roofs ha^^g sucked m the salts of the earth, 
*< and thereby filled itself with proper? juicea for 
*^ the nourishment of the tree, these juices l^^n^ 
*' are set in moti<M» by the heat, that is, they 
^' are made to evaporate into steam, as the m^t*^ * 
■^ ter m a still will do when it begins to warm* 
«' Now as soon as this steam, or vapour, rise» 
^ from* the root, ita own natural quality carrier 
*' it upwards to meet the air $ it entera then the 
^^ mouths of the several arterial vessels, arrives 
*^ai th^ extreme pi»ts.of them, i. e/tbebudsf 
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" of a tree, it there meets with cold enough to 
" condense it intoi a liquor, as the vapour in* a 
" still is known to do j in this form it returns 
" to the root down the vessels, which do the 
" office of veins, lying between the wood stnd 
" the inner bark, leaving, as it passeth by, such 
** parts of the juices as the texture of the bark 
"will receive and require for its support/' . 
YtM^ Miller says, " The notion of the circulation 

•* was entertained by several authors much about 
" the same time, without any communication 
" one with another, particularly M, Major, a 
** physician at Hamburgh, M. Peracett, Man- 
^* otte, and Malpighi : it has met, however, with 
" some considerable opposers, particularly the 
** excellent M. Doddart, who could never be 
" reconciled to it. 

" M. Doddart, instead of the same juices 
<< going and returning, contends for two several 
" juices ; the one imbibed from the soil, digested 
*^ in the root, and from thence transmitted to the 
'* extremes of the branches, for the nourishment 
*• of the plant; the other received from' the 
** moisture of the air, entering in at the extremes 
*^ of the branches; so' that the iascending and 
" descending juices arfe not the same." 

Mr. Knight' is aho an advocate for the doc-' 
trine of circulation, and has pubUshed a variety 
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of papers reciting a number of experiments that 
he made, and which he considered to confirm 
tbfe fact. And. Sir H. Davy conforms to his 
opinions, and says, " In all plants there, exists 
** a system of tubes or vessels, which, in one.ex- 
** tremity, terminates in the roots, and at the 
^* other in leaves. It is by the capillary action 
** of the roots, that fluid matter is taken up from 
" the soil. The sap, in passing upwards, . be- 
" comes denser, and more fitted to deposit solid 
" matter; it is modified by exposure to heat, 
"lights and air^ in the leaves ; descends through 
*^ the bark, in its progress produces new organ- 
" ided matter, and is thus, in its vernal and 
" autumnal flow, the cause of the formation of 
" new parts, and of the more perfect evolution 
" of parts already formed.'* 

But Mrs. Ibbetson, (a lady who has studied 
the organism of plants, sdded by a powerful 
solar microscope, and whose observations and 
descriptions are published in a series of papers 
in Nicholson's Philosophical Journal,) after giv- 
ing a variety of reasons which iuiduce her to 
';Conclude that the sap does not circulate, says> 
*< How strange, then, to alter all this beautiful 
*< arrangement, justified, indeed taught by dis- 
** section, in order to find a place for sap-vessels,, 
♦*that cannot possiljly require any. For wkjf 

a 3 



86 ON TH£ UftS ANP OFFICES 

« must jthey have retumi»g msseis f Is tl^er^ 
*< not a gceat dilfer ence between an animal which» 
«« after the first few years, has mo increase;, itiid 
<« a being that increases from every joint» md is 
*< suf^osed, therefore, to draw up only thosejiiices 
" necessary for that increase; especially as the sap 
<« is the liquid of the earth, not the blood crf'the 
*« tree, as is easily proved by adding nurture to 
<* the ground, when the nap feils, which soon 
•« restores Sft? Besides, how is the circulation 
**-to be effected m the jetemally increasing 
<< branches jof a tree, whose every additional 
<« twig must make a variation in the quantity of 
^'juices wanted? IS^ereas, it is naturally de- 
«. creased as it mounts, by throwing out new 
^< jshoots and branches, which expend the liquor 
" as it rises. And I believe I may say^ that I 
^ am now so well acquainted with all the diJflfer. 
M .ent vessels of a tree, tbiat I can no longer iail 
" from ignorance : but here, except the inner 
" bark vessels all proceed in a difierent direc- 
** tion, either round the tree, or from the centre 
" to the circumference, how is it possible that 
<^ sud^ large and powerful parts si^ould be ip- 
f^ visible ? 

" The use of dissection is to correct the use 
** of imaguiation, w those experiments which 
"iiav« that c^ect, iforcing the juices into chrni- 
9* 
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^' wshfomgfi to tbat wbiob nature bad appointed 
«< £>r tbencu I have beibcc S9i4 that I have ^ver 
«^ ihmd nature cU&pos^ ta auch leaourcest in 
^^ €a$e of an^ unnatuxajL imptBdiment I have 
" myself proved it." 

TJbe effect of grafting show^ tiiat the sap does 
«iat ^ivcviaiai or, at any rate» if it dpea circu- 
late» that it undergoeii no change by the ascend- 
ing and descending motion : and thi& also shows 
t^e fact» th^jt every part of a plant possesses the 
power of sheeting and transforming the^ portion 
idf fluid destined 1^ its use as it passes up. 

If the sap be passed through the body of a tree 
to its leaves, and there prepared and returned 
hack,, thafc part of the tree wluch» is uppermost, 
9»4 producing one variety of woodandfrnit, ntnst 
pomess the power of preparing the fluids* for the 
fffoduetion of eve^y other yariely below it» unless 
^e sap l^ie, supposed to pass up and return in the 
same, stat^, which amounts to a superfluity of 
motion, and an e^&cess of e^rtion, seldom found 
in nature. This aubject has always excited con« 
l^Qversy amoi^ phytol<^$ts, and notwithstand'» 
ing the great variety of ingenious and elaborate 
experiments that have been nwde, they not only 
have not hmu sufli(uei;MJiy conclusive to, produqe 
unanimity of opinion, but the subtle and prolix 
arguments t|iat have been adduced on both s^es 
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of the question, have operated more to confuse 
than benefit the practical gardener or husband- 
man, and have induced a careless destructioii, 
rather than an effectual protection, of the leaves 
of plants. t 

The leaves, however, will be foimd to form a 
most impoi*tant part in the structure of a plant, 
and to be destined to perform an essential office 
in the process of vegetation. 

Miller, in speaking of fruit-trees, says, " If 
** the shoots have not a leading bud where it is 
" cut, it is certain to die down to the next 
" leading bud; so that what fruit may be pro- 
" duced above that, will come to nothing, there 
" being always a necessity of a leading bud to 
" attract the nourishment ; for it is not suffici- 
** ent that they have a leaf bud, as some have 
<< imagined, since that will attract but a small 
"quantity of nourishment. The great use of 
"the leaves being, to perspire away such crude 
"juices as are unfit to enter the fruit/* 

Again, " Jf we consider that the leaves are 
" absolutely necessary to cherish the blossom- 
V buds, which are always formed at the foot- 
" stalks of thiB leaves, so pulling them off, before 
"they, have performed the office assigned them 
" by natulre, is doing great injury to the trees.'* 
The Rev. Mr. Hales, in his^ Treatise on Vege^ 
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table Statics, giving an account of an experiment 
he instituted to prove the use of leaves in plants^ 
says, " That boughs of trees with leaves on them, 
<^ placed in glasses containing known quantities 
" of water, imbibed, some twenty, some thirty 
*« ounces in twenty hours, day, more or less, 
** in proportion to the quantity of leaves they 
" had,, and when he weighed them at night they 
** were lighter than in the morning ; whilo those 
<< without leaves, imbibed but one ounce, and 
•* were heavier in the evening than in the mom- 
" ing, they having perspired little.'* 

This eminent author also says, " It is plain, 
" from the many experiments and observations 
*« before mentioned, that leaves are very ser- 
" viceable in this work of vegetation, by being 
" instrumental in bringing nourishment from the 
" lowest part within the reach of the attraction 
« of the growing fruit ; which, like young ani- 
** mals, are furnished with proper instruments to 
" suck it thence. But the leaves seem also de- 
" signed for many other noble and important 
" services, for nature admirably adapts her in- 
" struments, saas to be at the same time service- 
<« iable to many good purposes.*' 

Mrs. Ibbetson cites a number of experiments 
she' made, to prove that plants do not perspire : 
she, however, admits that plants continually give 
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Ib^t io «U 9Gi?iUifie investig^tioii^ of th^ <9^a- 
ijiQn9 qfn^Auye^ for 1^ iHirpp^^ ^jT aspwl;»ii4pg, 
j^1^bli$hiilg, and producing <:;aw(^s m^ €£kfi% 
9ub9twae» ^ould iwt be uApec;/Qfi$ar% xxiultir 

If^ then, io coiafprmUy with thi^, 9J^ ^ b€^ 
^M^e expl^inedt wa i^uppo^ the food of plants to 
J^ imtettw holding in solution carbonaceous mair 
ter, and that the iK>ot$ t^e up thi^ liquid, wd 
j^t plants have th^ power of decomposing ijfc — 
wU^ heme composed of oxygene and. by^rok- 
gene-r^the hydrogene ^d carbon might be com- 
jP^ui¥led in different p^oppiljpny wijbh a portion 
"Of o^ygeqio, ^4 formed mi9 *k9 ^iSkveot mhr 
fta^cee of i^e plant, and tb§ irem^and«]: g^m 
out a$ gai^ i «r4 then we h^ya only tp h^ve 
th^t the leaves are essentijil to the prooes^^ and 
the fact 4^ei by Dr. Hales, that plante absorb 
jind <Ji^pose of water, will be ^ui^taii^d, opd 
many jariwg opiinons will be reconciled. 

i^dmitting that a plant ree^ves &odf to su&- 
tain and extend itseJi^ for the various purposes 
ii^jyw?ed by nature, and tbait ia thi^ respe«fe it 
if m^ ^ animal^ff m^ we i|ot supposi^ that 



pf HJIfe food it talpe9 into the ^mad]» to ||i« in- 
^ewe of its pena^ent substance, m*^ c^nsi^jpr 
ftbl§ pQiti<^ being tiirown off as excreiqeii^Tr 
f44|fits also appropriate a part ooiy, and ttvpv 
off the remainder as excrementitioii9 ? And if 
90, what part of ^ plant appears 9p likely to be 
prepaji^ for thi$. purpose as the leaves? Th^ 
food hquig taken yp 99 ^ liquid, aji4 duly ^ 
j^i^ (to the needful purpojies of the plant, th^ 
^fijpeifluous part of the oxygeoe might be pa$s#4 
off in vapour or gas, and the hydrogeoe, carboy, 
^. with the leaves. 

A vwy important question is also quoted \^ 
IM^iller, aa put by the Eev. Mr. Haleig^ in jdditJOA 
tp ^pfltte queries by Sir Isaac Newtoq; "And 
" jmay not light alsq, by freely entering the ^- 
" pan4^ ^w&ces of leaves ^nd branches, pontri- 
" j)ute much to enobling the principles of yegi^ 
" tables?" Which n^ist certauily be answered in 
the affirmative, if, by enoblii^ veg^^ihlea, is to 
be understood, their being put in a proper state 
to produce biossoms, fruit, and seed, in maturity. 
It is not only obvious, that without light, veget^- ^ 

blfis will not produce blossoms or seed, but th^, / 

in proportion as plants, or any parts of plants, 
from being crowded together^ overshadow each 
other, ^o will they be deficient in produce Xfoe 
most simple appearance and h^bit^ of every pjjj^t 
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clearly, demonstrate the absolute necessity of 

light, to stimulate and sustain the generating 

faculty ; which is the grand object of our labour 

} and study in that part of agriculture immediately 

; under consideration. 

It may further be observed, that it is an un- 

deviating law of nature, that no plant shall 

produce blossoms, or fruit, until it be furnished 

with a surface of branches, stalk, and leaves^ 

J proportioned to the quantity of fluids supplied 

\ by the roots. 

I Thus we find, that if two plants are placed, 

j one in a rich luxuriant soil, and the other in a 

] poor dry soil, the supply of food collected by 

; the roots of the one in the rich soil will be 

i large, and consequently the roots, branches, 

! and leaves, will be large. The supply furnished 

by that in a poor dry soil will be small, and 

the surface of the stem, branches, and leaves, 

will be small ; and thus the surface of the trunk, 

^ branches, and leaves, being in each case in due 

proportion to the annual produce of fluids, (pro- 

\ vided each be alike exposed to light and heat,) 

will each alike, in point of time, attain maturity, 

and produce seed or fruit 

Plants growing close together, run up talJ, 
which is occasioned, by a natural propensity to 
spread and expose their surfaces to the flun and 
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BIT, each continuing to grow more in height 
than the other, until it is beyond obstruction. 
Hence those plants that are grown in a clump 
are always the shortest on the outside, for as 
these are sooner satiated, they stop and allow 
the others to overtop them. 

Every artificial means resorted to by garden- 
ers, to force plants to a fructiferous state, is de- 
termined by this law, and whether by forcing 
and facilitating an extension of surface by ar- 
tificial heat, or shelter ; or by lessening the sup- 
ply of sap, by curtailing its roots, or channels of 
conveyance, the effect is the same. 

This law, indeed, which determines the 
growth and produce of a plant, is very similar 
to that which governs the process of evaporation. 

As the evaporation and inspissation of a fluid, 
aare determined by the extent of surface, ex- 
posed to the action of heat, the preparation of 
the fluids in a plant for fructification appear to 
be governed. Thus if a vessel, presenting* a 
certain surface, be deprived of one- half of its 
contents, the remaining half will be evaporated, 
or inspissated, in the same time that the whole 
would have been, if placed in a vessel exposing 
double the extent of surface. We may, there- 
fote conclude, that as it is the law of nature. 
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in All «{wti v€iMl9 cMtmiii^ a li^d, the 
ptM^ the surface of tiie lk{iiid ex^sed, th# 
gfMMr wiB be the quieaititjr eiaponifidd ifR l 
fiveil tkM^ Mfd the greatet the quantity 6i ex» 
MN;tiv# matter ptepaifed;^ so it k with vege-^ 
tables, the greater the surfkce of leaved' and 
braneiiei? expoiled i» the li^ht, and the infiuence 
of the and and tit^ the greatef the ^antity of 
fluid disposed of, bf bein^ digestedi. appro^ 
ptiated, and expelled ; and the greater the quaofr 
tit^y and lichee the quality t£ food ami sa|i 
lu{qplied^ and raised % caqdiQar^ atti^aetion, or 
otherwise ; the greater the qtrankity and ndaet 
tine qtfdity «£ the matter fkrnsshed^ to be re- 
tained and appropriated by every part of the 
plant t9 its varions piarposee^ eitbeir eS gentrmt 
iiaski or of substantial iberease* 

Again^ the £puit of a fkicat being- conadfered^ 
as i^sqitiring for its fovmatioii^ a re^ady pro^ 
portioned arrangement of its organs^ a^ a due 
laipply of healthy sustenance^ we may traee tbe 
pf ogress^ oi* nature to thii^ effect^ cm the fm^ 
going pfineiples, more dearly ihaxi by the doc* 
tr^es of circul^oti, gravitation, or any other 
ti^eoty that has»bee«» mggestQAi and we magr 
eofifcludethat it is with veget^d^s, as witht ax^ 
miis, reqnijred td» sustam healthy that the gnmi 
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nrndhhieffy be pr^iierved' u»ii^jur«id utid etm^ 
ptete; and in confbfmity iritlib tMi, if we iHtlh 
to Umit the me, tjt smkce of platfts^, we fimsi 
fimit I3ie food ; thk is the onlf thttk^ 6t t«^ 
stmttt, nature wiQ adimt «f. Without «htailing 
fbhitt lo^« 

Tbdt her gf eftt woi^k o^ cfe^oil axMl piJp^ 
gsAxah, may ttot be oibstructed and i^etsofded vi 
veg^ttible^, by the accideiital jmvdCions they c^e 
stibject to, f^om being made sabfiement ttj^ A^ 
use of animals ; nature, all bountifiil hi het pr<^ 
visROh, and ever fertile in resources, has gitai 
thetti the pmret within themselyei^, to a gfeafe e«. 
tent, of repairing and retrieving thefr IciMe^; 
iild to tins end, every plant and every bitoch, 1ft 
ifehiished wiA mc^e bndirf than are reqmred ibt 
the itnmediate formatten of branches or bid*- 
«oins, so that if one be destroyed, aiiothe* may 
be ready to take its place, and prevent a wadte 
of time, in siitfkce i thus we find that the e^ 
forts of a plant, from the seed fiwrwards, are to 
attain and acquire, the surface proportioned by 
its nature, to the supply of food, necessary fe> 
enable it, to fhictify, and propagate its species^ i 
^nd the juices continue to flow until it has ob^ 
tained this required extent 

From the preceding obseivatibns it muftt ht 
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concludedi that although the leaves of plants, 
inay in themselves^ be of little value in contri- 
buting^ to the nutriment of mankind, they form 
an essential part in their organisation, for the 
production of seed and fruit, the quantity and 
quality of which will be in proportion to the 
condition, or state of health, and exposure of 
the stalk, leaves, &c. : this may readily be de- 
monstrated, by placing plants under the circum- 
stances of both extremes ; thus, if the leaves of 
a seedling plant of wheat, or a turnip, or a 
potatoe, be removed as fast as they appear, 
neither seeds, bulbs, or tubers, will be produced 
in any quantity, or quality, worthy of notice; but 
if the leaves of such plants are preserved, and 
allowed a space sufficient to expand their full 
extent, and be open to the influence of the sun 
and air, they will attain the utmost size and 
state of prolificacy the soil, and quantity and 
quaUty of food, is capable of producing. 

The capacity of a soil, and the distance plants 
ought to be placed from, each other, may rea- 
dily be determined, by allowing a few plants a 
larger space than they will probably occupy ; 
and the space they then cover by their leaves, 
maybe taken as the distance required by each 
plant, to enable it to attain perfection. 






OF THE LEAVES, &C. Q7 

Plants that are excluded from the presence of 
the sun and Ught, and the free circulation of 
air, give out carbonic acid gas: thus when plants 
are crowded together and overshadow each 
other, they are, by a waste of their carbon, 
thrown off as carbonic acid gas, debilitated and 
deprived of the needful stamina; which is often 
followed by sterility, putrefaction, disease, and 
death., 

An attention to these principles will enable 
the husbandman, with great accuracy, to judge 
of the difference between thick and thin sowing, 
and to determine the proper medium ; and will 
show the folly of removing or destroying the 
leaves of plants designed to produce seed, frui^ 
or roots, until these are perfected. 
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ON THE FOOD OF PLANTS. 

The food of plants has for a long time been 
eonsidered an object of importance, by natural 
philosophers, and a great variety of experiments 
have been made, to ascertain what it consists o^ 
and in what state of preparation it is most 
readily and effectually applied j and many con- 
elusions have been drawn, and conjectures 
formed. As before explained, the earth, ani- 
mals, and vegetables, have been analyzed, and 
their component paiis minutely described, by 
men of the greatest talents and learning; but as 
yet no one has arranged and described such a 
system of cultivation as will enable a person to 
trace effects to their causes on just scientific 
principles. Much has been founded on conjec- 
ture, and much still remains to be determined 
by practical observation and demonstration. 

Vegetables, like animals, vary in their natuie 
and habits, and like them have their peculiar 
food; and althou^ the food of plants may ge- 
nerally be composed of the same elements^ it 
varies in the proportion of its composition, and 
thereby becomes adapted to different purposes : 
thus we find that a soil, which will furnish food 
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enough to support one plant of a peculiar kind, 

will at the same time furnish sufficient to sustain 

many others of different species. 

Bradley, in the work I have before noticed^ 

says, << Land animals may be likened in general 

<< td those plants which are called terr^ie, fat 

*< that they live only upon the earth, such as 

*< oak, elm, beech, &c. ; amj^bious animals, 

» such as otters, beavers, tortoises, frogs, &c., 

^« which live as well on the land as in the 

" waters, may be compared to the willows^ 

" alders, minths, &c. The fish kind, or aquatic 

*< race, whether of the rivers, or the sea, are 

^< analogous to the water plants, such as water 

^< lilies, water plantains, &c» which live only in the 

"fresh waters, or the fuci, &c., which are sea 

»* or salt water plants^ and not any of these will 

<* live out of its own element ; from whence 

•♦ we may conclude, how improper it would be 

" to plant a water lUy on a dry sandy desert, 

♦* or an oak at the bottom of the sea, which 

*^ would be }ust as reasonable as if we propose 

"to feed a dog with hay, or a horse with fish: 

« however, this rule of nature has been so litde 

" observed, even by some of our greatest plam^* 

" ers, that we can hardly boast of good otg*' 

^ cess,' in one out of five plantations' that have 

** been made." 

H 2 
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He also says, "I shall beg leave to remark, 
** that as the several land' animals have their re- 
** spective diets, so have the terrene plants their 
" several soils, from whence they derive their 
<< nourishment; as some animals feed on flesh, 
** others on fish, &c,, so do plants love, some 
f* clay, others loam, sand, or graveL Nor is this 
** all we ought to observe ; we must consider, 
"likewise, how beneficial to every plant is a 
" right exposure ; . whether in a vale, the sides 
" or tops of hills, exposed to the south or north 
*/ winds ; . whether inland, or near the sea, for 
** it is a proper exposure that keeps a plant in 
"health/* 

Bradley, Hitt, and Miller, consider the food 
of plants to be salts, which every species of earth 
more or less contains within itself; and that 
according to the proportion of salts, contained 
in each kind of soil or manure, will its proli- 
ficacy be. ^ . 

That soils, ajid vegetable and animal matters, 
may be found to produce salts, under certain 
circumstances and chemical processes, I have no 
doubt ; but this does not prove it to be necessary 
that every substance, or any substance, con- 
taining the basis or elements of salts, should 
undergo this process, and be formed into 
salts, before it can be in a state to constitute 
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food fit for the reception and nourishment of 
plants. 

Salts are various in their nature and general 
effects, when placed in contact with other sub- 
stances. 

I have made many experiments with sea-salt, 
nitre, soda, barilla, alum, &c., and have never 
found them operate as a proportional addition of 
food may be expected to do. 
. The (pinions of Drs. Smith and Pearson on this 
subject appear more rational. They say, that salts, 
as they operate in promoting vegetation, are ana- 
logous to mustard, cinnamon, ginger, &c., wliich 
are not of themselves at all, or necessarily nu- 
tritious, but contribute to render other things 
nutritious, by exciting the action of the stomach 
and other organs of digestion and assimilation. 
Salts being considered to operate in this manner, 
in promoting vegetation, we are naturally led to 
thejir proper application, that is, in small quan* 
titles, or in a state of weak solution. ^ 

Notwithstanding all that has* been said to es- 
tablish the opinion, that sea-salt is a valuable 
manure, I am convinced it never can, as an 
article of food, contribute to the increase of any 
vegetable*, but as a chemical agent, by destroying, 
and facilitating the decomposition, of animals and 

H 3 . 
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vegetables, or by its deliquiescence it may in 
some instances increase the fertility of the soil. 

Alkaline salts, no doubt, facilitate the solu- 
tion of many animal and vegetable substances ; 
they also increase the divisibility, change the com- 
binatioUy and otherwise exert an influence on the 
soil itself, in a manner that adds much to its 
fertility ; indeed, there are many reasons for be- 
lieving that alkaline salts increase the fertility 
of soils, and the fertilizing powers of manures, 
when mixed or combined with them : the 
urine of cows, horses, &c., always contain a 
portion of alkaline salts, and this is more fer- 
tilizing than the dung of those animals. By 
the reduction of vegetables by fire, alkaline salts 
are produced ; and the action of fire on the 
soil generally adds to its fertility : indeed, in a 
great number of experiments, made with a view 
to ascertain the most fertilizing, and the most 
readily applicable and operative manure, or food 
for plants ;^I have found the sertun, or the watery 
part of blood, diluted with six or eight times its 
bulk of water, and given to plants in the same 
quantity, and in the same manner^ as when 
supplying them with water, once or twice only 
in the year, to produce the most immediate, 
•said most fertilizing effects of any thing ; whilst 
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the cra$$anientiim, or clotted part of blood; lefb 
to nature, was not beneficially operative, until 
decomposed, and even then, was nothing equal 
to the serum in its effected and the difference 
in the composition of those separate substances, 
is, that serum contains one-fortieth of alkaline 
salts, and the clot none. But if the clotted 
part of blood be broken small, and well mixed 
with three times its bulk of water, in which 
potash, in the proportion of one-fortieth part 
the weight of the blood, be dissolved; the blood 
will be reduced, and the liquid be rendered 
equally effective as the serous part. And if 
the clotted part be mixed with as much slacked 
lime as will form it into a thick paste,^ it will dis- 
solve, and be immediately s^pUcable ; but is not 
so immediately efficacious as the solution by salts. 
It, however, must be remarked, that clotted blood, 
mixed with qvick Im^, and left drying for a short 
time, will not dissolve, and is rendered useless. 
Mr. Kirwan, after describing the a(ialysb be-^ 
fore quoted, observes, << Hence we see on the 
«< last; analysis, the only substances common to 
<^ the growing vegetables, and the soils in 
^ which they grow, are, water, coal, diiierenfr 
^ earths and salts ^ these, therefore, are the true 
" food of vegetables: to them we should also 
(< add fixed air, though by reason of its decompo^ 

H <b 
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*« sition, it may not be distinctly found in them, 
" or, at least, not distinguished from that newly 
** formed, during their decomposition/* 

He also says, "The agency of water, in the 
" process of vegetation, has not till of late 
" been distinctly perceived. Dr. Hales has 
" shown, that in the summer months, a sun- 
" flower, weighing three pounds, avoirdupois, and 
" regularly watered every day, passed through 
" it, or perspired, twenty-two ounces each day j 
<• that is, half its weight. 

" Dr. Woodward found that a sprig of com- 
"mon spearmint — a plant that thrives best in 
*< moist soils, weighing only 38.25 grs., passed 
•* through it 3004 grs. in 77 days, between July 
« and October, that is, somewhat more than 
" its whole weight each day ; , he did more, for 
" he found that in that space of time, the plant 
" increased 17 grs. in weight, and yet had no 
^* other food but pure rain water ; but he also 
<* found that it increased more in weight when it 
" lived on spring water, add still more when its 
"food was Thames water. Secondly, that the 
" water they thus pass, nourishes them merely 
" as water, without taking any foreign isubstance 
*> into account; for SOOO grs. of rain water, in 
" Dr. Woodward's experiments, afforded an in- 
" crease of 17 grs. : whereas, by Margraaf s ex- 
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' periment, 5760 grs. of that water contain only 
one-third of a grain of earth. But, thirdly, it 
also follows, that water contributes still more to 
the nourishment of plants, besides the service it 
renders them in distributing the nutritive parts 
throughout the whole structure, forming itself 
a constituent part of all of them, as may be un- 
derstood from modem experiments. Dr. Injen- 
houz, and M. Senebier have shown, that the 
' leaves of plants exposed to the sun, produced 
• pure air: now water has of late been proved to 
contain about 8.7 per cent of pure air, the re- 
' mainder being inflammable air. Water is then 
' decomposed by the assistance of light within the 
^ vegetable; its inflammable part is employed in the 
^Jbrmation of oils, resins, gums, 8gc. Its pure 
' air is partly applied to the production of vege- 
table acids, and partly expelled as excrement. ^^ 
He further says, ** To M. Hazenfrez we owe 
the discovery that coal is an essential ingre- 
dient in the food of all vegetables. Though 
hitherto little attended to, it appears to he 
one of the primeval principles, as ancient as 
the present constitution of our globe ; for it is 
formed in fixed air, of which it constitutes 
above one^fourth part, and fixed air exists in 
lime-stones,, and other substances, which date 
from the first origin of things. 
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** Cod not only forms the residuum of all ve^ 
<< getable substances that have undergone a slow 
^< and smothered combustion, (that is, to which 
«^ tiie &ee access of air has been prevented,) but 
*^ also of 2dl putrid v^etable and animal bodies. 
*^ Hence it is found in vegetable and animal 
^^ manures that have undergone putrefaction, and 
^^ is the true basis of their ameliorating powers; 
^< If the water that passes through a putrefying 
^< dunghill be examined, it will be found of a 
^< brown colour, and if subjected to evaporation, 
<* the principal parts of the residuum will be 
*^ found to a>nsist of coal. All soils steeped in 
^« water, communicate the same colour to it in 
^< proportion to their fertility ; and this water 
<< being evaporated, leaves also a coa^ as Hazen^- 
^< frez and Fourcroy attest*' 

And again, ^* Hazenftaz and Fourcroy attest, 
^< that shavings of wood, being left in a moist 
** place for nine or ten nionths, began to receive 
^* the fermentative motion ; and being then 
^< spread on land, putrefied after some time, and 
<< proved an excellent manure. Coal, however^ 
<^ cannot produce its beneficial efibcts but inas* 
<< much as it is soluble in water. The means of 
<< rendering it sdiuble are not as yet well ascer* 
^^ tained : nevertheless, it is even now used as 
** a manure, and with good effect" 
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"In truth, the fertilizing power of putrid 
** animal and vegetable substances were pretty 
" fully known even in the remotest ages ; but 
" most speculatists have hitherto attributed them 
** to the oleaginous, mudiaginous, or sa)ine par^ 
<< tides then developed ; forgetting that land is 
" fertilized by paiang and burning, though the 
" oleaginous and mucilaginous particles, are 
'* thereby consumed or reduced to a coal. And 
'< the quantity of mucilage, oil, or salt in fertile 
^^ land, is so small, that it could not contribute 
•* tilie one-thousandth part of the weight of any 
" v^etable. Whereas coal is not only supplied 
"by the land, InU also by fixed air combined 
•^ mth the earths^ and also by that which is con- 
" stantly let loose by various processes, and soon 
" precipitates by superiority of its specific gra- 
** vity, and is then condensed in or mechanically 
<< absorbed by soils, or contained in dew." 

Sir Humphry Davy says, « The necessity of 
" water to v^etation, and the luxuriancy of the 
" growth of plants, connected with the presence 
" of sncdsture, in the southern countries of the 
^< old contbent, led to the opinion so prevalent 
" in the early schools of philosophy,— -that water 
*<was the great productive element, the sub^ 
4( stance from which all things were capable of 
"being composed, and into which they were 
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«« finally resolved. Van Helmont, in I6IO, con- 
" ceived that he had proved by a decisive expe- 
" riment, that all the products of vegetables were 
" capable of being generated from water. His 
" results were shown to be fallacious by Wood- 
" ward, in 1691. But the true use of water in 
" vegetation was unknown till 1785, when Mr. 
" Cavendish made the grand discovery, that it 
" was composed of two elastic fluids or gases, 
<< inflammable gas or hydrogene, and vital gas 
** or oxygene. 

" Air, like water, was regarded as a pure 
" element by most of the ancient philosophers. 
" A few of the chemical enquirers in the six- 
<« teenth and seventeenth centuries formed some 
" happy conjectures respecting its real nature, 
" Sir Kenelm Digby, in I66O, supposed that it 
<< contained some saline matter, which ,was an 
*^ essential food of plants. Boyle, Hooke, and 
« Mayow, between 1665 and I68O, stated that 
" a small part of it only was consumed in the 
*< respiration of animals, and in the combustion 
<< of inflammable bodies. But the true statistical 
*< analysis of the atmosphere is comparatively a 
"recent labour, achieved towards the end of 
** the last century, by Scheele, Priestley, and 
" Lavoisier. These celebrated men showed that 
*' its principal elements are two gases, oxygene 
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*^ md azote, of which the first is essential to 
** flame^ and to the life of animals ; and that it 
<< likewise contains small quantities of aqueous 
'< vapour, and of carbonic acid gas : and Lavoi- 
" sier proved that this last body is itself a com- 
'< pound elastic fluid, consisting of charcoal dis- 
** solved in oxygene. 

" Jethro Tull, in his Treatise on Horsehoeing, 
** published in 1733, advanced the opinion, that 
** minute earthy particles supplied the whole 
" nourishment of the vegetable world. That 
" air and water were chiefly useful in producing 
** these particles from the land ; and that ma- 
^* nures acted in no other way than in ameliorat- 
" ing the texture of the soil : in short, that their 
** agency was mechanical. This ingenious au- 
" thor of the new system of agriculture, having 
*« observed the excellent eflfects produced in 
« farming, by a minute division of the soil, and 
*« the pulverization of it, by exposure to dew 
^^ and air, was misled by carrying his principles 
" too far. Duhamel, in a work printed in 1754, 
^* adopted the opinion of Tull ; and stated, that 
«« by finely dividing the soil, any number of 
*« crops might be raised in succession from the 
«< same land. He attempted also to prove by 
** direct experiments, that vegetables of every 
" kind, were capable of being raised without 
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«< manure* This celebrated horticulturilrt; lived; 
« however, sufficiently long to alter his opitiion. 
<« The results of his later and more refined ob- 
•< servations led him to the conclusion^ that no 
*^ single material afforded the food of plants. 
** The general experience of fanners had long 
'^ before convinced the unprejudiced, of the truth 
^ at the same opinion, and that manures were 
<< absolutely consumed in the process of vegeta- 
*« tion. The exhaustion of soils by carrying off 
« com crops from them, and the effects of feed- 
<• ing cattle on lands, and of preserving their 
•< manures, offer familiar illustrations of the prin- 
« ciple. And several philosophical enquirers, 
« particularly Hazenfraz and Saussure, have 
«« shown by satisfactory experiments^ tiiat ani- 
^< mal and vegetable matters deposited in soils 
^ are absorbed by plants, and become a part of 
" their organised matter. But though neither 
« water, nor air, nor earth, supplies the whole df 
^ the food of plants, yet they all operate in the 
** process of vegetation. The soil is the labora- 
« tory in which the food is prepared. No ma- 
« nure can be taken up by the roots of plants 
<* unless water is present j and water, or its 
" elements, exist in all the products of vegeta- 
•* tion. The germination of seeds does not take 
•* place without the presence of air or oxygen^ 
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'< gas. And in the sunshine, vegetables decpm^ 
'< pose the carbonic acid gas of the atmosphere { 
f* the carbon of which is absorbed, and becomes 
<< a part of their organised matter. And the 
*^ oxygene gas, the other constituent, is given 
« off: and, in consequence of a variety of agen- 
*^ des, the economy of vegetation is made sub- 
<< servient to the general order of the system of 
" nature* 

<^ It is shown, by various researches, that the 
^< constitution of the atmosphere has been al* 
*<ways the same, since the time that it was 
** first accurately analysed : and this must, in a 
«< great measure, depend upon the powers of 
<> plants to absorb, or decompose, the putrefying 
** or decaying remains of animals and vegetal 
" bles, and the gaseous effltada whkh they are 
** constantbf emitting. Carbonic acid gas is 
<< fc^rmed in a variety of processes of fermenta- 
<< tion and combustion, and in the respiration 
<< of animals, and as yet no other process is 
<< known in nature by which it can be consumed^ 
" except vegetation." 

Thus it appears to be a general opinion, 
among the chemical philosojphers, that carbonic 
acid gas forms a preponderating ingredient in 
the constitution of the food of plants. And the 
means of its formation and production are klike 
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described by all, but as to the manner, or through 
what particular medium, it is supplied and con- 
sumed, these authors vary in their opinions; 
arid I cannot but think. Sir Humphry Davy 
has taken a very mistaken view of this part .of 
his subject. To show that there are other means 
in nature by which carbonic acid is consumed, 
than by the leaves of plants, we need only take 
his own description of the nature and proper- 
ties of lime. On this part of the subject he 
says, << Slacked lime was used by the Romans 
" for manuring the soil in which fruit trees grew; 
" this we are informed by Pliny. Marie had been 
" employed by the Britons and the Gauls, from 
" the earliest times, as a top dressing for land. 
" But the precise period in which burnt lime first 
« came into general use, in the cultivation of 
" land, is, I believe, unknown : the origin o£ 
<< the application, from the early practices, is 
« sufficiently obvious, A substance which had 
** been used with success in gardening, must 
<< have been soon tried in farming; and in ooun- 
« tries where marie was not to be found, cal- 
" cined lime-stone would be naturally employed 
« as a substitute." 

<< The elder writers on agriculture had na 
** correct notion of the nature of lime, lime- 
" stone, and marie, or of their effects, and this 
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«* was the necessary. cmisequence of .'theimper- 
** fection of the chemistry of the age. .. Calca- 
".reous matter. was considered, by the alche- 
" mists, as a peculiar earth, which in the fire 
*< became combined with inflammable acid ; , and 
"Evelyn and Hartlib,. and still later, Lisle,, in 
•* their works on husbandry, have characterised 
^* it merely- as a hot manure, of use. in. cold 
" lands. It is-to Dr. Black of Edinburgh, that 
". our first distinct rudiments of knowledge on 
** the subject are owing. About the year 1755, 
*« this celebrated professor proved, by the most 
"decisive experiments, that Jime-stone and all 
** its modifications, marbles, chalks, and marles, 
** consist principally of a peculiar earth united 
** to an aerial acid ; that the acid is given out in 
" burning, occasioning a loss of more than forty 
^* per cent. ; and that the. lime in consequence 
^* becomes caustic. 

" These important facts, immediately applied 
** with equal certainty to the explanation of the 
** uses of lime, both as a cement, and as. a 
'< manure. As a cement, . lime, applied in. its 
** caustic state, acquires its hardness aqd dura- 
" bility by absorbing the aerial (or, as it has 
** been since called, the carbonic,) acid, which 
" always exists in small, quantities in the atnio*. 
** sphere; itbecQmes,asitwere,againlime.stQn^." 
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Now admitting tiist eathomc acid is a Beces- 
fluy part in composing the food of plants, it 
appears to me that Mr. Kirwan's theory is by 
£ur the most probable. He says, ^< That car- 
*^ bonic acid soon precipitates, by superiority of 
** its specific gravity, and is then condensed in, 
** or mechanically absorbed by, soils, or con- 
*^ tained in dew/' He also further remarks : 
" That plants do not thrive, but most frequently 
" perish, when surrounded by an atmosphere of 
" fixed air, has long been observed by that 
*< great explorer of the most hidden processes 
" of nature. Dr. Priestley ; but that fixed air, 
^< imbibed by the roots, is favourable to iimr 
" growth, seems well established by the expe* 
** riments of Dr. Perceval of Mandiester, and 
"fully ccmfirmed by those of M. Ruskert. 
<< This last mentioned philosopher planted two 
" beans in pots of equal dimensions, filled with 
•• garden mould ; the one was watered almost 
" daily with distilled water, the other with water 
^< impregnated with fixed air, in the proportion 
** of half a cubic inch to an ounce of water ; 
^* both were exposed to all the influence of the 
<« atmosphere, except rainj the bean treated 
^< with aerated water, appeared overground nine 
'< days sooner than that moistened with disdl- 
*« led water, and produced twenty4ive beans ; 
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" whereas the oth^r pot produced only fifteen : 
" the same experiment was made with stock 
"July flowers, and other plants, with equal 
" success. The manner in which fixed air acts 
" in promoting vegetation seems well explained 
" by Senebier. He first discovered that fresh 
" leaves exposed to the sun in spring water, or 
" water slightly impregnated with fixed air, al- 
" ways produced pur^s air, as long as this im- 
<< pregnation lasts; but as soon as it is exhausted, 
"or if the leaves be placed in water, out of 
" which this air has been expelled by boiling, 
"they no longer afford pure air ; from whence 
" he infers, that fixed air is decomposed, its car- 
" bonic principle detained by the plant, and its 
" pure air is expelled j it appears to me alsoy 
" by acting as a stimulant ^ to help the decompqd- 
** ti(m of the water J* 

Sir Humphry Davy again, says, " When a 
<* growing plant, the roots of which are sup- 
<< plied with a proper nourishment, is exposed 
** in the presence of solar light, to a given 
*' quantity of atmospheric air, containing its due 
*< proportion of carbonic acid, the carbonic 
<< acid» after a certain time, is destroyed, and a 
** certain quantity of oxygene is formed in its 
** place. If new quantities of carbonic acid gas 
** be supplied, the same result occurs, so that 

I ^ 
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" the carbon is added to plants from the air, by 
"the process of vegetation in sunshine, 'and 
** oxygene is added to the atmosphere/* He 
adds, " This circumstance is proved by a num- 
" ber of experiments made by £)rs. Priestley, 
*• Ingenhouz, and Woodhouse, arid M. T. de 
'♦ Saussure, many of which I have repeated 
♦•with similar results. The absorption of car- 
•* honic acid gas^ and the production of oxygene^ 
" are performed by the leaf. And leaves re- 
** cently separated from the tree, effect ' the 
•^ change, when confined in portions of air con- 
** tainirig carbonic acid, and produce oxygene, 
** even when immersed in water holding carbo- 
^ nic acid in solution.'* 

* From what has been before said, on the nature 
and properties of the leaves of plants, it is not 
only pretty clear, that they are not furnished 
with organs, necessary for the double action, 
but tt is in no respect nefcessary they should 
possess this power. Why should a plant be en- 
dowed with the power of feeding at both ends, 
^ny more than animals, and when, like them, it 
i^ pi:oved, that the taking in their food at one,' 
is sufficient for all their purposes? The expe- 
riment cited, of carbonic acid being absorbed 
by leaves recently severed from the tree; is no' 
eorpoboration of Sir Humphry's theojy, as it 
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does not appear, that the stems . were sealed, 
and therefore they were left with the power of 
taking up the fluid through the usual and natural 
channels. 

Sir Humphry Davy again says, <* Vegetable 
<< and animal substances deposited in the soil, as 
** shown by universal experience, are consumed 
" during the process of vegetation, and they can 
" only nourish the plant by aflTording solid matter 
** capable of being dissolved by the fluids in the 
" leaves of vegetables : but such parts of them 
" as are rendered gaseous, and that pass into the 
" atmosphere, must possess a comparative small 
" eflect, for gases soon become diffused through 
" the mass of the surrounding air," 

" The great object in the application of ma- 
" nures, should be to make it afford as much 
*^ soluble matter as possible to the roots of the 
*< plants and that in a slow and gradual manner, 
«« so that it may be entirely consumed in forming 
" its sap and organised parts/* 

And again, f* No substance is more necessary 
" to plants than carbonaceous matter, _and if this 
<« cannot be introduced into the organs of plants, 
" except in a state of solution, there is every 
M reason to suppose that ' other substances less 
" essential will be in the same case, ^ I found, by 
"some experiments made in. 1804, that plants 

I 3 
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"< introduced into strong solutions of sugar, mu- 
<< cilage, tanning principle, jelly, and other sub- 
** stances, died ; but that plants lived in the same 
*' solutions, after they had fermented. At that 
" time I supposed that fermentation was neces-. 
** sary to prepare the food of plants, but I have 
** since found that the deleterious effects of the 
" recent vegetable solutions were owing to their 
"being too concentrated; in consequence of 
" which, the vegetable organs were wholly clog- 
" ged with solid matter, and the transpiration of 
" the leaves prevented. Thebeginningof Junein 
" the next year, I used solutions of the same 
" substances, but so much diluted, that there was 
" only about one two-hundredth part of solid ve- 
« getable matter in the solutions. Plants of 
" mint grew luxuriantly in all these solutions, 
•* but least so in that of astringent matter. I 
«* watered some spots of grass in a garden, with 
«• the diflerent solutions of jelly, sugar, and mu- 
" cilage, which grew most vigourously, and that 
*• watered with the solution of tanning principle, 
** grew better than that watered with common 
•• water. 

Again, ** Mucilaginous, gelatinous, saccharine, 

•« oily, and extractive fluids, and solutions of 

•* carbonic acid in water, are substances that in 

'" their unchanged states contain almost all the 
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** prtQcq)les necessary for the liie of plants j but 
*' there are few cases in which they can be ap- 
** plied as manures ip their piure forms, and 
'< vegetable manures in general contain a gr^ 
*< excess of fibrous smd insoluble matter^ whieh 
*< must undergo chemical changes before they 
" become tiie food of plants.*' 

I must confess I do not see the utility of Sir 
H. Davy's expressing such an opinion. To say 
the best of it, it appears, as Mr. Kirwan observes^ 
to be but a speculation ; and as he does not state 
the few cases, it is worse than useless, inasmuch 
as it is calculated to mislead, bewilder, and cbn^ 
fuse, and to shake the confidence of mere prac-* 
tical husbandmen in the general doctrines of 
chemistry. 

I cannot but think it by far the moal prqbabH 
that Sir Humphry Davy's first idea was t^e 
correct one ; and that such substances must be 
reduced by fermentation before they can be taken 
up by the roots. At any rate, under thos^ ci^ 
c^unstances, the effect of such an application a^ 
he describes, to the roots of the plants, biusA 
have been the same, that is, death : but anoth^ 
cause of death much more probable may be as- 
signed, than that of the vessels b^g ctogged 
with scJid matter; viz. the oxygenitotion, ot 
addifying of those solutions, which most Hkely 
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destroyed the roots. At any rate, whenever 'I 
iiave found a plant wholly killed by the appli- 
cation of fermentmg substances, I have observed 
the roots were first destroyed. I have no doubt 
of the correctness of Mr. Kirwan's observation, 
that " vegetables not only require food, but 
" that food be duly administered to them, a sur- 
" feit being as fatal to them as absolute privation.*' 
But the effect of surfeit iti plants, is generally 
the same as with animals, and discovers itself by 
disease affecting different parts, in the manner of 
sores and putrefying wounds, which also, as with 
animals, are often followed by mortification and 
death. 

If, as Mr. Kirwan states, the more solid part 
of vegetables be submitted to dry distillation, 
or burnt in a close vessel, it will be reduced to 
<5harc6al ; and which will continue to occupy 
almost as much space, as the vegetable itself did 
previous to the change, and to retain the same 
figure and the same organic disposition. It is 
therefore very evident, that the basis of charcoal, 
whieh is termed carbon, not only forms the grand 
stamina of plants, but that it enters into ;the 
cdmposition of every part and produce of ve- 
getables: it may hence be justiy inferred, thiat 
if the plant be * formed by the required ele- 
ments, taken in at the root, (and of which there 
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can be no doubt,) the basis of charcoal must, in 
that part of the food of plants which is supplied 
by artificial means, form almost an integral ; 
and how to prepare, cai^ct, and apply this sub- 
stance, is the grand desideratum. 

As Sir Humphry Davy says, mucilaginous, 
gelatinous, saccharine, oily, and extractive fluids, 
and solutions of carbonic acid in water, are sub- 
stances that in their unchanged states contain 
almost all the principles necessary for the life of 
plants ; and all that is contained in these sub- 
stances, except the basis of charcoal, is contained 
in water; viz. oxygene, nitrogene, and earth. 
In the preparation of food for plants, therefore, 
the principal object must be to produce and 
apply carbon, and the manner of eflecting this is 
still an object of doubt, difficulty, and uncer- 
tainty, which is evinced by the opinions even of 
those great philosophers which I have quoted. 

What Mr. Kirwan says respecting coal, is true 
enough ; but as to coal in itself, being made to 
form any part of the food of plants, I have never 
seen it proved ; that it has been applied as manure 
with good effect, may be, but its operation must 
have beenas an alterative in the soil, and a pre- 
ventative of putrefaction, and not as afibrding 
carbonaceous matter to the plant. The shavings 
of wood, no doubt, might have been reduced 
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to daceml, by the operation of fire, but would 
lliey in this state have afibrded as much of the 
basis of charcoal in a soluble state, as bj the result 
of oxydizement or feriftjntation ? Certainly not : 
then it may be inferred, that to furnish charcoal, 
or a substance capable of* being converted into 
charcoal, is not enough. Carbon must be pre- 
sented in that state which admits of its perfect 
solution and combination with water. And even 
after this is produced, it clearly appears that some 
co-operating agent is necessary, either to release 
it from the natural attachment of some other 
principle or substance, which is obnoxious to 
plants, or to stimulate the plant to receive it ; 
for it is found that the black residuum of veget- 
ables, spontaneously decomposed byputrefaction, 
will not of itself sustain such plants as are objects 
of cultivation in agriculture ; nor will simple 
calcareous earths; but these two substances 
blended in due proportions, constitute the most 
fertile soils. Hence, as is well known, black 
soils, which are constituted whdUy of vegetable 
matter, are sterile, and that by the simple com* 
bination of lime they are rendered fertile. Then 
what is this principle of fertility ? this is an im« 
portant question. 

The most complete solution of carbon, or that 
state which admits of the most perfect union 
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with water, appears to be carbonic acid ; but as 
it has not been proved, that in this state it is, by 
any application, capable of producing anything 
like the quantity of carbonaceousnrttermqiared 
to sustain a plant m healtib and vigour, it may 
jiisf3y be concluded that carbonic acid, like coal, 
is, by its constitution, restricted in its operation. 
That process of decomposition, therefore, which 
can be conducted so as to produce the required 
state of solution and separation, without its run- 
ning into the excess of carbonic acid or charcoal, 
must be the most eflBcient ; and the chemical 
terms which best express this state, appear to 
me to be vegetable and animal oxydes ; and my 
opinion as to the best mode of producing and 
applying this, I shall hereafter explain. 

Sir Humphry Davy says, " There is no ques- 
" tion on which more difference of opinion has 
" existed, than that of the state in which ma- 
" nure ought to be ploughed into the land j 
"whether recent, or when it has gone through 
" the process of fermentation. And this ques- 
" tion is still a subject of discussion; but whoever 
« will refer to the simplest principles of che- 
" mistry, cannot entertain a doubt on the subject. 

" As soon as dung begins to decompose, it 
" throws off its volatile parts, which are the 
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" most valuable and most efficient. Dung 
« which has fermented, so as to become a mere 
" soft cohesive mass, has generally lost from one- 
" third to one-half of its most useful constituent 
"elements. It evidently should be applied as 
" soon as fermentation begins, that it may exert 
" its full action upon tlie plant, and lose none 
"of its nutritive powers.'* 

Again, " All green succulent plants con- 
" tain saccharine or mucilaginous matter, with 
" woody fibre, and readily ferment. They can- 
" not, therefore, if intended for manure, be used 
"too soon after their death.'' 

A reference to the principles of chemistry, most 
certainly induces me to form conclusions very 
different to Sir Humphry : in his explanations 
of- chemical principles, and their combinations, 
no. doubt he is clear and correct ; but many of 
his applications of those principles, and his in- 
ferences, appear to me to be superficial, hypo- 
thetical, and fallacious : and this most probably 
arises from a want of practical knowledge and 
observation. His opinions seem to be grounded 
on the belief, that in the production and appli- 
cation of food for ip\2iXit% quantity is, the grand 
desideratum. He appears to have no nption 
that the health and cowrfrViow of plants, determine 
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their value ; or that vegetables are as much : af- 
fected by both the quality and the quantity of 
foody as animals are, but such is the case. 

That the state and condition of food when ad- 
ministered to animals, determine its effects, is ge- 
nerally understood : and it is precisely the case 
with vegetables. Thus, whenever the nutritive 
part of food is blended with a large portion of 
filthy and impure matter, vegetables, like ani- 
mals, become gross, bloated, and diseased. 

Although, (as I have before observed when 
speaking of the leaves of plants,) a rapid growth 
and large surface 'may be produced, this is of little 
value ^s food for animals j it is aqueous, vapid, 
obnoxious, and of little solid valu€ ; and plants 
in such a state, are, in another point of view, like 
animals, — they are sterile, and seldom produce 
their seed or fruit in perfection. And, therefore, 
notwithstanding a great part of that which con- 
stitutes vegetable and animal matter, may be 
thrown off in the process of fermentation, it is:im. 
portant to consider, what those parts are, before 
we attempt to appreciate their value. May it 
not be necessary to the health of vegetables, 
that a certain part should be expelled ? And, 
although^ a portion of the more valuable part 
may be wasted in the process of fermentation : 
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may not the process r^Mler the remainder of 
more avail and value, and thus create a profit 
instead of a loss? 

It must be remembered, that the authority of 
chemistry rests upon this axiom, — that whatever 
constitutes a body, or operates as an agent in its 
construction, must be demonstrable on a chemi- 
cal examination, both by analysis and synthesis. 
Now it does not appear, by the different analysis 
before explained, that any vegetable substance 
contains nitrogene, except gum, which is the 
produce of disease ; but, that all animal sub- 
stances, in an undecomposed state, do contain 
nitrogene. Therefore, — with all due deference 
to Sir Humphry Davy, — as in a demonstration 
by sjmthesis, or in the composition of vegetable, 
from animal substances, nitrogene cannot be 
considered as necessary, ought it not to be disen- 
gaged and expelled from such substances as are 
prepared for the food of plants ? And i^ so, —as 
nitrogene cannot be separated, by any other 
means than fermentation, — is it not necessary 
that such decomposition should be effected pre- 
vious to its application? — or that the substances 
be so placed, that the obnoxious gases be passed 
freely ofi^ and that the action of decomposition 
may not affect the roots? It does not appear 
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that plants throw off anything as excreiuentitious 
but oxygene ; and consequently, if nitrogene is 
taken in, it must be appropriated. This remark 
also applies to the ccHisumption of hydrogene. 
If a plant be induced to consume an extra quan- 
tity of hydrogeae, or carburetted hydrogene, it 
must fmsi a surface sufficiently large to employ 
df appropriate it, or it must be passed off m 
diseased excresence ; it cannot be expeUed in a 
healthy manner, like oxygene. 

Sir Humphry says, " In the writings of scien- 
*^ tific agriculturists, a great mass of facts may 
" be found in £asv<mr of the application of farm- 
** yard dung in a recent state. Mr. Young, in 
<' an Essay on Manures, which I Nhave already 
'^ quoted, adduces a number of excellent autho- 
"rities in support of the plan. Many who 
" doubted have been lately convinced : and, 
*« perhaps, there is no subject of investigation, 
« in which there is such a union of theoretical 
«* and practical evidence. I have myself, within 
** the last ten years, witnessed a number of dis- 
«* tinct proo& on the subject. I shall content 
** myself with quoting that which ought to have, 
" and which I am sure will have, the greatest 
^< weight among i^culturists. Within the last 
•* seven years, Mr. Coke has entirely given up 
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" the system formerly adopted on his farm, of 
^* applying fermented dung : and he informs me, 
" that his crops have been since as good as they 
** ever were, and that his manure goes nearly 
** twice as far." 

This doctrine, in a general sense, and com- 
pared with the old practice, agrees perfectly 
with my observation and experience ; but Sir 
Humphry does not state, whether the dung is 
immediately ploughed in, by Mr. Coke, or suf- 
fered to lie on the surface j and the difference 
between those two modes of application, will be 
found to be very important, by every person who 
will try them. 

I shall hereafter state my reasons why it is 
improper, as a general practice, to manure lands 
that are intended for immediate seed crops ; but 
there may be cases where the state of the, soil, 
rom extreme poverty and other circumstances, 
require it ; and in those cases, 1 am convinced 
that the best time and manner of supplying dung 
for such crops is, by spreading it over the sur- 
face afler the seeds are sown : at first sight, 
and according to Sir Humphry's notions, this 
may appear to be a wasteful practice j but it is 
far otherwise : for, as Sir Humphry says, " Or- 
" ganic substances, as soon as they are deprived 
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*'^ of vitality, begin to pass through a series of 
" changes, which ends in their complete destruc- 
" tion, in the entire separation and dissipation 
** of the parts. Animal matters are the soonest 
" destroyed by the operation of air, heat, and 
"LIGHT. Vegetable substances yield more slow- 
" ly, hut finally obey the same laws. The periods 
** of the application of manures, from decom- 
" posing animal and vegetable substances, de^ 
" pend upon the knowledge of these principles." 
Now, notwithstanding the manner of applying 
dung which I recommend, -that of spreading it 
over the surface, and there permitting it to re- 
main, before it be ploughed in, twelve months or 
more, is directly opposite to that recommended 
by Sir Humphry, it will be found more com- 
pletely accordant with the above principles, as 
well as with those of Mr. Kirwan : for, by leav- 
ing dung openly spread on the surface, it is 
evident, that the influence of the air, the heat of 
the sun, and light, will be the least controlled 
or obstructed ; and, consequently, the decom- 
position will be more rapid, regular, and con- 
formable to the wants of the plants. Under such 
circumstances, more carbonic acid may be ge- 
nerated} but as this elastic fluid is heavier than 
the atmospheric air, it will fall on and penetrate 
the open surface of the soil, and thus accord in 
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effect 'iirfth the experiments* cited by Mr. Kirwan, 
cft Dr. Priestley and M. Rucfcett And as to 
atty loss arising by the evolution dT any -other 
gases, they ate ?ess likely to occur from dung 
in this isituation than •when buried ; ibr carbu- 
retted hydrogene gas is formed in the ^rei^st 
tjuanlity during the putrefactive fermentation, 
and ^en l3ie mibstances are immersed in, or 
glutted "WilJi, iirater, and excluded from the air 
and ligtft ; and in this state they most generally 
we ^hen buried : and this gas, possessing an 
Opposite quaKty to the cari>onic acid gas, in be- 
ing much lighter tihan the atmospheric air, ^iH, 
ias it is formed, operate in a reverse manner to 
the carbonic ticid ; it will immediately, on being 
liberated, "penetrate the -surface of the -soil, mount 
tiapidly into the atmosphere, and pass off with 
fhe w>^d, jmd be thus lost. And further, it is 
VeH known that animal and vegetable substances 
decconposed by the cold putrefactive fermenta- 
tlttn tmder thre earth, or tft the bottoms ^ stag- 
nant ^ponds, we inert and inefficient ; nt least, 
ntrtil ^ey "are *ade to tindei^o some otfeer -cfee- 
micaA dhange, by calcination, oxydation, &e.; 
this Is evinced by peats, 1>ogs, &c. 

Weway 'likewise instance the effect of liie «c- 
cumuMed arirmal ^lAstane^ deeomposed under 
the earthin bmial grounds, iirhicli wever exhibit 

21 
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apy qoipp^fitiyjely extmoidm^ry luxuriance of 
veget;j^9q. 4.n4, ^3 .^ pf ^cticgjl d^c)n?tration 
th?t dtfPg, wJbfta ki^ wi jQr^ne^r the .%ur%2e, m^ 
re^atedly ^n^ gy^r ^^p^ .?3Fpp9ed to th^ suc- 
tion of the attmospher|B> ^3 nof. \pfy rapidly Pf 
y^^ effeqtu^Jly eiyh^sted, J j^alji ^t»te ^ course 
^f ^^ralA9P9 JwWpti yi€a:? c?rfi(^ m » a ^%4 x^ 

Th# ^(41 of tjjis ^^ v^ j^ %e ^ablQ loaflfi, 
Rnd ,of g. b^adc QC^ur, fcirt the siwrpundiiig 
1^^4, ^ibms^ <^^ f^^ teftjur^^ jv^9 of ,^ 
fexjr l^iQjvfl5 ^hjis 4^ffejceri«ce ia the colo^yr^ Ap 
4wbt, 3^a^ pQc^j^op^ by jtlj^e (Jjiflfef^nce in cql- 
%^ti«n ^iimI i]?anu,riflg. The ^uflrpunding Mb,# 
i})a!^,h§eB trgate4 in ^.q^eless, slpy^ly mwper^ 
t^ eft CpiifiiHiiflP fa^rp^i whilst, the fieid ^9 qnestipp 
jK^s ^^ti^y^tei ^ a .ojfprk^^t-g^d^ ,crqppe(i .^iith 
.§^]^ef^ yggetati^es, md mmuv^ed %t fe^st (wicje 
j# tj?p y^?jr, fpr mf ny yp^^. At the p^ip4 ^ 
3^BRe :]w4^ ^ijiy «iptiqe the ,Bj^rketr^rdeqqr jj^^ 
^i^ »Bfl it !^U: into, the bjacifis qf ^^^pth^^^- 
^W* wfe) ^h^vw^ <??ujt ,?ev^p yejtrs to juji ^p^ a 
iegftfe i^nia^l^ fifi J^e ^aic^ ,tP wpi:k ^t ^put ; 
^e thi^e&i|e sq^i^ itwjjth white whfi^t fpj^pye 
y.^ws (fqdp^jiig, s^it^ioMt jgivi^g ^y Jii^we. 
J^ #ii$t owar, it pKod^^d ^prtyteight bushels 
J»8r,flCTe, ^p^.fiyery ye?|r ^stfte^* ti^e <^rop8 4^cU»- 
ifl4j*hree ,f?r ^?^ ^^^ per acre. The f^i^M^h 
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year, it was planted with potatoes without ma- 
nure, and the crop averaged fourteen tons per 
acre. The seventh year, it was sown again with 
wheat, without manure, and it produced up- 
wards of thirty-two bushels per acre. 

And to show the beneficial effects of top- 
dressing, I shall also state that about this time, I 
took possession of a field of pasture land of about 
twenty acres, a strong yellow or foxy clay ; it 
lay on the side of a hill, and was very wet and 
poachy, particularly during winter ; had been ge- 
nerally cut for hay, although it seldom produced 
more than three-fourths of a load per acre, and 
this not until the end of July. I drained it by 
cutting a ditch at the upper side, deep enough 
to get below the stratum of clay, which in some 
places was upwards of five feet, turning the 
water down the sides, and gave it a top dress- 
ing of scavenger's manure, the cleaning of the 
town streets j and the year after, it produced me 
a load and a half per acre, in the middle of 
June ; and a second crop, of three-fourths of a 
load, the beginning of September ; and this it 
continued to do, varjdng a little, more or less, 
according only as the seasons were wet or dry. 

And to shew the effect of dung buried deep j 
the following instance may be suflSciently strong. 
I had noticed a field at Wickham in Kent, 



ON THE FOOD OF PLANTS. 133 

which was laid down for a cherry orchard, and 
planted with fine young healthy standard trees, 
that for two years made a beautiful and luxu- 
riant growth, and the third year, in the spring, 
they threw out their shoots with equal luxu- 
riance; but before summer, I observed to my 
astonishment, they were all withered and dead. 
Not being able to assign a cause for such an 
unusual failure, I called on the proprietor, to 
enquire how it happened j he seemed perfectly 
resigned to what he called his ill luck, in having 
them struck with a blight ; however, perceiving 
no reason why his trees should be blighted> 
whilst his neighbours all around, should escape 
uninjured, I enquired farther as to the nature 
of the subsoil, &c„ when he told me he had been 
at great expense and trouble to prepare the soil, 
by giving it a thick covering of rich stable dung, 
and trenching it in, a spit and a half deep with 
the spade. I observed the trees had thrown 
out a profuse discharge of gum, and have no 
doubt, that during the two first years, the roots 
had not penetrated the dung, but on reaching 
it the third year, they were poisoned ; or so 
glutted with such impure food, as to be thus 
diseased and destroyed. 

Whatever devastation may be committed by 
the insect or fungus tribe, to trees or plants, 
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t am cdnvirifced that by far A^ greatest 
exieni of injury, from what is placed its the 
account of canker, mildew, &c. i£ cblrfecitly iri- 
' vestigateo, will prdve to drigihite in thfe unMfhdl6- 
some supply, dr impurity, of th^ fodd. 

As to the dtjection, tliat by leaviilg' duil^ tin 
the surface, a tod rapid decdiiipbsitidft bf the 
manure, will be fdlldwed by a loo rapid 6on- 
sufnptioii oiTfood ; it niay be said, *' a itidtt dari- 
ndt eat his cake ind have it tob.^* Let ihd ci'op 
be suited td the manure, or tii& manute t€i the 
crop, and as long sA he gete its full vkliife, lie 
will nave little reason td complkiil of its coming 
ihlo his jpocket too quick ; the sooner he gets 
a profitable retiirfi for one dressihg of dung, tHe 
sooner he can ai^brd another ; atid if a ptbper 
course of crojiis be taken, he may gd on a lorig 
time, without feeling cause td cbmplaiti th«tt his 
lands are too jpfdlific, or tod richi 
. 1*0 be consistent, we must ^ithet Stick to 
chemical priticiples, dr give theih ilp. ^The 
difference in the effect df the method 1 te- 
commend, dtajJplyiiig niahiire dn the l^urFaefe, 
and there to siiffef it td remam th'6 IbhgB^t pfe- 
riod cohvenieht; and that, by Sit fit. fiaVy, 
of burying it immediately; iiiay h4 d^temilhfed 
by the comparative fbrmatidh and ^ffedt of the 
two gases, carbdnifc acid, atid carbiiretted hy- 
drogen. If the former be, as stated, a principal 
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ingredient in the food of plant3» an4 th^it by its 
gravity it will penetrate into the ^oil, «a met)M>4 
more &vorable for itg^ gener^w and ^ual ^ 
tribution can be devised, than by my mcKJb qf 
application j and if carUuretted hydrogew be 
either an unwholesome foody w by its r^pid 
ej8cape> the occasion of a gre^t w*st^ pf carbow i 
and nitrogene gaa be poisonous^ or obnos^imSt 
when in contact with th^ fopdj no mod^ C9xx 
be more favorable tp» or productive o^ Ijoth 
tbos^ efieot$i» than burying the dung in ^n ^v^- 
fermented stat^^ 

If we were to suppose, that a diflfere we in th^ 
quality of the food supplied to plants, produwd »P 
difference in its eflfecte ; or that the roQts pops^5$ed 
the powei* of selecting the exact quaqtily w4>pjfp- 
portion of pach principli^ required for its jJi^i- 
cular purpose, from any composition that m^y b^ 
presented to it ; we should be driven fa^ off from 
accounting/or the diseases of plantp, qv % the dif- 
ference in the size, substance, state, and cpi^di- 
tion of plants of the same species, when growing 
in the same situations : and, although we are 
justified in believing, that a plant having taken 
in itfi £(}od in a compound state, possesses the 
power ef dividing and appropriating the different 
parts to its diflfer^t purposes, it vfiU^ be pb- 
viou^ tbat a^ny uniiatural obstruction to the due 

K 4 
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exertion of those powers ; or any improper sub- 
stance being taken into the system with the 
food ; must be followed by disorder, disease, and 
destruction. 

One great power which plants are allowed 
to possess, and which seems absolutely neces- 
sary ; is the decomposition of water, and the 
emission of oxygene ; for, from the proportion 
of oxygene in water, being so much greater than 
in any of the vegetable products, the plant must 
take up more than it can need ; and the great 
power and activity of oxygen is such, that un- 
less plants had the means of expelling the super- 
fluous quantity, they could not exist, nor could 
the different products be formed. But plants do 
not appear to possess the power of expelling hy- 
drogene ; therefore, whatever quantity of this 
substance be taken into the system, it must re- 
main and be appropriated. With these ideas, the 
following analysis will be found generally to ac- 
cord: — 

Water contains, - 85 parts oxygene, 

15 - hydrogene. 

Oil contains, - 79 parts carbon, 

21 - hydrogene. 

Sugar contains, - 28 parts carbon, 

8 . hydrogene, 

64 - oxygene. 
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Gum contains, - 23 parts carbon, 

11 - hydrogene, 
65 - oxygene, 
1 - nitrogene. 
Starch contains, - 43 parts carbon, 

7 - hydrogene, 
50 - oxygene. 
Most people are aware, that the quality of the 
food consumed by animals, is equally as deter- 
mined in its effects, as the quantity, and such is 
the case with vegetables. When an animal is 
constrained to live on meagre, impure food, or 
that, wherein a small quantity of nutriment is dif- 
fused or blended with a large insipid mass, it is 
induced to consume a greater quantity, to make 
up for the want of a more concentrated quality j 
and the consequence is, an extension of the 
stomach and bowels. But although the animal in 
this condition, appears large in bulk, it possesses 
little solid value, and less strength to bear up 
under the additional weight; and such is the 
case with vegetables j their stalks, branches, and 
leaves, are the organs for the reception and di- 
gestion of the food ; and whenever they are 
glutted with meagre food, a large extension of 
the leaf and branches follows, but in this state 
these possess little substance or value. 
That some plants are more voracious than 
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othen^ and that they sometimes^ Uke aome 
animalsi ifeed on gross impurities; is distinctly 
proved by the flavor of esculents, and parti- 
cularly the cabbage tribe: thus we find that 
sea-kale, growing in rank manured beds, is so 
gross and bitter in flavour, as scarcely to be 
eatable; whilst that which is grown in a pure 
natural soil, is sweet and delicious. 

Certainly, we cannot pretend to the powers of 
determining and measuring out the exact pro- 
portions of the required elements } but we may^ 
by a little attention^ be able to counteract and 
avoid extremes. 

It appears throughout nature, that the efforts 
of a plant, from its first establishment, is directed 
to acquire the proper state and condition to 
propagate its species ; and that in its seeds and 
fruit is comprised its concentrated essence. We 
may therefore estimate its powers and efforts to be 
in proportion to its wants ; and hence we may sup- 
pose, that as starch, and isugar, contain a large 
portion of oxyg^ie, and a small portion of hy- 
drogene; that those plants whose desired pro- 
ducts consist of such substances* should be sup- 
plied with food containing a large portion of 
carbon and oxygene ; and as oil contains a Jarge 
proportion of hydrogene, and no oxygene ; that 
to those vegetables, whose seeds produce cnl* a 



Mpply of ^K)d jhdttkl be ffvenf cobtaimny a 
large portion of hydrogene attd oa^bon. 

On the^ f^Qmi6»,*tidttdt6ng carbonic imd 
dtid C!sut)fdr@tted hydf (%ene to fi^i ibe food of 

Th0te tobdttftd^ add that modeof preparalioti, 
#hidh {Produce dtirboifie Add, aXsA oarbdnaocotis 
djcyde^ ^dtistitute the b^st food) atid the bwt 
M&l^ for M itlMtd ))i^aoifig ^-ito and puk6 ; 
aAd sui^s aUiO) the belt tudajited for ch^en» 
^1^969, &e<i for foed and for ha^| as tfad quaatUy 
bf skobharifte mKttef they iCOttt&in, d«temiin6s 
thkit Valud, atid mi th6 bulk» which alone leould 
be increased by carburetted hydrogene. For 
iheM ^kil^ Whose ^e^s produce oil, guoh as 
h«itn|)j fla^, mpe, Md all the (sabbage tnb^ ear. 
btirfetted hydfo^e&e luay be well adapted. We 
iitid iho96 kM« CoftoboMted by amonl and 
phi6tl6al i^ult6 ^ thu«, 6e%d»crops of ^in and 
{>i;d»6 ar^ talwayn lAOst healthy ind prolific, cm 
li.'&d^ VtiU have beea «feated M that manoer, 
&&d lef^ iti thlit ftlnte, in ^<%ich ^ roots are the 
most completely freed ft'om thOBe substances 
Which |)rO(Me6 dtii^ui^Yted hydrdg^M gas ( and 
he^pi t&p6, turnips, call[^[>age6> &e.) &xm tii«r 
(iietiuliftr form «f growth, »re ea^ed to suastain 
it hi^ SitiA eixlemled MirfaKie, and ns&u tiKrefore 
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appropriate a large portion of carburetted hy- 
drogene without injury. 

A due attention to these particulars will ex- 
plain the want of accordance in the opinions of 
Sir Humphry Davy, with many of the operations 
that are most successfully practised by many 
eminent farmers. Indeed, if the food of plants 
was wasted, by exposure to the atmosphere ; 
ploughing and stirring up the soil must occasion 
waste and sterility ; and the same must be the 
case with tiu-ning over, and exposing masses of 
dung ; but, observing practitioners well know 
Ihat those processes are followed by additional 
prolificacy. 

That class, among the cultivators of plants, 
who, of all others, pay the most attention to their 
health, and proper condition for fructification, 
is, perhaps, the florists; and the most eminent 
amongst those, make it their practice to mix and 
turn over their compost at short intervals, so 
that every part may be exposed to the influence 
of the sun, air, and light, for at least twelve 
months before they use it. 

The fact is, I believe, that whether carbon 
and oxygene combined, as carbonic acid, be the 
best state of preparation for the consumption 
of plants, or not j carbon ^nd oxygene form the 
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grand essentials for making them prolific; and 
when vegetable aud animal substances are laid 
on the surface of the soil they are intended to 
enrich, they are in a situation best calculated 
for decomposition, by oxydizement; for then, 
as they are reduced to a soluble state, they are 
dissolved by water, and carried to the roots; 
and when there is not moisttire enough to carry 
down the soluble part, it lies dry on the surface; 
and whilst dry, — as Sir H. Davy observes, — 
no fermentation can take place; and thus 
circumstanced, under the alternate state of wet 
and dry, the decomposition is gradual, complete, 
and rapid. This may be observed by a stake of 
wood, that has been some time fixed into the 
earth ; for that part which is under the earth, and 
that which is in the air, will remain sound, long 
after that part which is between both, or oh a 
level with the surface of the earth, is completely 
decomposed. 

Besides, there is a natural operation constantly 
working, to assist in the decomposition of vege- 
table substances which are laid on the surface, 
and to facilitate their conveyance to the roots of 
plants ; which, although little thought of, is of 
great importance, and this is conducted by the 
earth worms. Whoever will notice the surface of 
the earth, will find those creatures not only con- 
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stamtly boring haks, »nd dr aurkig ^ Mg^t ^^1;>^ 
stanoM uxHiBd tiieur but fcbal; b$^ ^tkm ^iUm^ 
thej^vftfy much qjuiekeio the deepm^o^itioQi tlm 
ift feadftfr pcoi^d by kftving a ptie^^ pf twin^ 
on the fiurfaoe a£ih^ mrih $l gh^ ^imej aii4 
wkbia :! feir 4ay6 efler it hfts beep 1^14 hQli oi 
l>y tibe wronns, it will be fmmd qmte ^Qttesi ; 
Itieir holes alao af&ord mady Glmnmk of j^p^^^y;. 
^nee for the decomposed m&^ev. 

Jixkd further, theae Jj^e cr^ntaregi f&ctorm 
another itnpprtaM op^ratioffi ; they devQiif aed 
eemt «ipeii the suE&ce, ft^e imore 6n^ diiviited 
^eaptby 'Substano^ aod iindeoompofi^d in^ttsr ^ 
and thus that past of the ;fioil be^t ad^fted to 
«tt6taiii ivegotation, is coUeeted and asxrnnvl&bsA 
iOn the sarfaoe, aod witiun the ^lesaJithiSil rmg^ 
^^e 'roots <»f {xiant& The Mil k jai^Q iby ma\i 
means, rendered more icooduciv^ ^o ^m Qcpud 
percolation and i^aporation .of \«aiber; aii:d it 
may be observed, that placing dung sm the isuo:- 
fetee, &vaiii:s both i;he leidfitenceyaQd t&eiW<Q]&ing 
of these use&l oulturators ; tbe rSUis&pfp i)f (the 
teai^h, thus coDtinualiy>op6ned, alsoafioixte a &de 
tin^^ess to the icadbonic acul gas, .and jegroas io 
^the cajfbur^tted bydcogjene* 

Agamy £^ Hismphiiy says, >^ Mljgseen si«p- 
** culent plants jcontadn fiacaharine,xur ooucaiagi- 
** iDoiis matter, iwkh woody ifibre, Aodi ceadily 



ON THE HMD OP lOANTft* 149 

<< firment ; th^ carmou therefore, if inteo^d 
<^for manure, he used too sooo after th^ 
« death.'* 

^^/Wlien green crc^s am to be employed /or 
^^ennchmg a soil, they should be ploughfid iiit 
^* if possiUe, wbaa in flower^ or at die time the 
^< flower is begianixig tto isppear 4 for it is at iJm 
*^ period that they cantadn the largest .qusatitj 
^ of easily soluble matter, and that Ihek leaves 
'^are most act^^e in forming mutritive matter $ 
'^* green crops, pond weeds, the paring of h^edges 
^ or dkches, or any kind of fresh ipiagetable 
^< matter, requires no preparatkm to £t them &r 
<< manure ; the decomposition Blowly >proca$^ 
** b&^ea£h the zoU ; the soluble maitters lyre geik 
'<< dually dossolved, imd the slight fe^ mentiuli<)»i 
<« tim^ goes tffi, ebeched by iM fwant .qftO. Jr^ 
^* conmuttkaiioa qfmr, tends ioresideri^e wx>ody 
** fStxTe seiduble, wothout occasiGtning tbaraj^ 
<^ ^ftis8i|iiation jof elastic majbter.^^ 

This docikrme is ^enridently iouaded on the 
notiAtt^ that i|dbnte consume vegetable substancfis 
in their ^compoinnd state ; hut having admitited 
ihat icaadocn, ^osj^ene, .and hydrc^ene, with a 
jpootion nf icasdi, jare all the idemente diat arc 
necessary to eomfiose .a visgetable.; and .alao, ihat 
wvter contains aU ihose elememts in itself, icx- 
•Oispt jcarbon^and that xmrbon, produced by the 
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fermentation of vegetables, is readily. dissolved 
and taken up by water; and that, plants possess 
the power of decomposing water, and of divid* 
ing and appropriating its principles, in com- 
bination with carbon, to all its various uses,;^ why 
are those principles abandoned, and a process 
recommended, grounded upon supposition only, 
in preference ? Such a deviation from the wise 
rule of Sir Isaac Newton is surely worse than tri- 
fling; it is injurious to the character of science. 

Vegetables exposed to the sun and air, and 
dried, are found to possess more or less of sugar, 
according to their nature ; and sugar is a vege* 
table oxyde, almost immediately soluble and 
convertible into food ; and it is most risadily 
convertible and productive of. carbonic acid; 
let any person take a bundle of hay, and a bun- 
dle of green grass, and submit each to infusion, 
and compare the extract, both in appearance 
and effect ; the difference will be considerable; 

What says Sir Humphry of malt dust? That 
it « consists chiefly of the infant radical, se- 
« parated from the grain." And he says, " I 
** have never made any experiment upon this 
" manure, but there is great reason to suppose 
" it must contain saccharine matter j and this will 
" account for its powerful effects." Now.if 
these infant radicals had been separated and 
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btlried in their green state,* what powerful effects ^ 
could they have been expected to have produced 
in fertilising the soil, more than the severed ra-; 
dicals of other plants, of which the earth is 
always full? Surely none. Then what created 
the difierence? Most evidently the exposure 
to heat and air on the kiln, which, by oxydise-. 
ment, created the sugar. 

Vegetable substances and dung, in drying, un- 
doubtedly are reduced in weight, by the eva- 
poration of its water; but this is a loss of no 
impOTtance, for water is again readily jsupplied, 
and by the operation they absorb oxygene, and 
are thus brought to a state much more efficient ; 
that of soluble oxydes. From all the observ-i 
ations I have made, and which I have endea-- 
voured to explain, I am convinced, that every, 
addition of food to plants, and every operation ; 
of agriculture, wherein the cultivation of vege- 
tables is concerned ; will be found more or less 
efficacious as it favours the free access, or in-» 
gress and egress, and the general influence, of 
the oxygene of the atmosphere and water, to the 
vt^hdie structure of the plant, and the ingredients 
of its food during preparation. 

And as to the mechanical effect of dung, in^ 
pulverising the soil ; that which is placed on the 
ffcurface, must ultimately be equal to thai whiph* 
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is immediately buried ; fbr, m Ym been stated, 
that by burning, the solid part of the earth can- 
not be reduced ; no more can the solid part of 
dung be reduced by evaporation $ and the effei^ts 
of dung thus placed, in increasing the disposi- 
tion of a soil to absorb moisture fi'om the at- 
mosphere, cannot be less, than when immedi- 
ately buried : and what is tnore essential, it will 
be \e9t^ re^tentive of wat^. 

Sir Humphry Davy has fully and minutely 
described the nature and properties of all fhe 
difibr^Qt substances losed as manures^ and such 
wiio wish for particular information on these 
divided subjects, I must refer to his work. My 
object being to establish general principles, it 
would be sup»:i{uous to attempt following him 
further. On the preservation of manure he 
siiys, " When dung is to be preserved for any 
«*time, the iHtuation in which ft is kept is of 
•» importance ; it should, if possible, be defended 
•«from the sun; to preserve it under. sheitfe 
** would be of great use, or to make the site of 
« a dunghill on the north side of a wall. The 
« floor on which the dung is heaped should, if 
" possible, be paved with flat stones, and there 
<* should be a little inclination from ea^rh side 
** towards the centre, in which there should be 
^ drains connected with a small well,, furnished 
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^^ with a jHimp, by which any fluid matter inay 
** be collected for the use of the land. It too 
*^ often happens that a dense mucilaginous and 
*^ extractive fluid is suffered to drain away from 
** the dunghill^ ^io as to be etntirely lost to. th^ 
^ifattn/^ 

My previous objections to the application of 
Sir Humphry^s ideas, must be equally ^toimg 
against the mode here reeommeaEided. 

Those who ar^ in the habit of makii^ hot- 
beds &T vegetables^ know that fresh dung from 
the stable/ packed togetSier witl^mt a sufficieM 
degree of moisture, to modify it9 fennentalion ; 
will very speedily acquire a high degree of 
heat, and throwojSTa i^ntiljr pf elartic vapour; 
ei^er carburetted hydrc^nc^ or ammonia, and 
that as the m<Msture dedines, the heat will also : 
and the dung will then be overrun with ^oul- 
diness*, or fungii, aaid tiius during such ferment- 
atiofi^ the exdaaion of nQ[QistiH*e or raii^ by 
a shed bdng placed over it^ mitst &cilitate wd 
increase the loss by«iuch evaporation, and by the 
ei^ltttion of the gases i an4 ihe earth covering 
dung in this state, will not a&erwards support 
vegetation. As the chief supply of manure is 
derived from the stable and farm yard^ the ar- 
^gett^at imd mansTgeasient of thsse is a matter 
of no trivial- fenaportaiice. . ♦. . 
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In the general mode, I have always thought 
sufficient care and attention are not given to 
tile preservation and application of the urine of 
the animals ; and that this is more valuable in 
the composition of the food of plants than is 
generally calculated: urine not only in itself 
contains gi-eater fertilising powers than the 
excrement, or dung ; but added to this, it consi-^ 
derably accelerates and moderates the ferment- 
ation, and particularly when diluted with water 
in a due degree. The effects of the urine, also, 
when thus divided and diluted, by mixing with 
the dung, are much increased and beneficially 
extended: and a much better mode, in my opi- 
nion, for conducting this process, than, that 
i*ecommended by Sir Humphry, is described by 
Sir John Sinclair, as adopted in the Netherlands. 

He says, " The more opulent pave and Jine 
" with brick the receptacles for their dung, 
" which is thus constantly kept plunged in a 
<< mass of liquid matter; the fibrous parts of 
«* the vegetables are thus completely decom- 
" posed, and four tons of this manure go as far 
«• as five kept with less precaution." 

But this liquid should consist of urine not too 
much diluted, or .with no more water ;added» 
than is sufficient to keep the fermenting heat 
below the power of generating steam. 
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/Drains should be carefully made from the 
stables and cattle-sheds, to cisterns or wells 
protected from the rains ; and from these, the 
urine should be taken and thrown over the 
dung-heap, which should be open to the air ; 
there is little danger of too much water added 
by the rains, if not under the dripping of a shed. 

I am convinced that stable and yard dung, 
saturated with urine, and preserved in this man- 
ner, would go twice as far as such dung pre- 
pared in the usual manner, that is, by being 
thrown into the open yard, and where the urine 
of the stables and sheds is not only suffered to 
run away, but the yard laid in such a manner 
that the dung is washed by the rains, and the 
drainings wasted. 

It is a little singular that landlords, well aware 
that on the supply of manure depends the value 
of the farm ; are in many instances so jealous 
of having all the produce of the farm spent on 
its land, that they will not permit their te- 
nants to sell a load of straw ; and yet they riot 
only wiU not be at the expense of properly 
constructed receptacles for preserving the ma- 
nure, themselves ; but will not regard the care- 
less ignorance and negl^ect of the tenant, of 
these objects. 

. The superior effect of putting the manure on 

L 3 ' • 
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tJie Itiid a« it is produced, as stated by Sir it* 
Davy to be tke case with Mr. Coke, may he 
acdountQd for, as arising from the mine absoocbed 
by the Ikter^ ^Iuch> if left in the usual 'wayv 
spread in an c^n yard, would havebe^i wasted 
and lost^ 



* Whibt rec0]iimeiidiag th^ careiul and efectmd drsin- 
ing of stables, for the preservation of the urine, as the most 
valuable part of animal manure, I will also state a circum- 
stance, which cannot be thought unworthy of notice to 
agricukuriatSx which occurred to aie, t» show how neotf-* 
sary this is also to the health of animals. 

I took possession of some stables, with the horses that 
had been some time kept in them, and, to my misfortune, 
in a very i&ort tiBi)& I fotfiid that the horses kept in thdse 
■tables had been subject to that drea^ul disease, caU^d 
the mad staggeri^ for several years. Some horses had 
died, and the horses then there, and which had been for 
some tim^ kept in the stables, were in wtetched condition^ 
Tira iitm iresh horses whidi Prete jiiit into tbem> «ei^ 
within a few months seized with the mad staggers, and 
one of them literally killed himself by knocking his head 
about against the manger and staU ; the other was 
saved by copious bl^dkg, and removal into a fresh stable, 
but was so reduced as to be lessened }a V^Eihte oo^-r 
half. My neighbours advised the pulling down th^ staUes, 
considering the disease infectious ; but having^^ on going into 
the stifles early in the morning, be^i a^ost suffocated 
and blinded by obnoxious gas ; I examined the door and 
drains, when I found the former to consist of large burr 
stones, laid on a stiff clay; and the floor sunk so low below 
the drain, as not to admit of the draining away of the urine^ 
This struck me t(rbe a'suAciejtit eMse to ifect the brain of 



To show tibe iertilisli^ efiecte of untie, Sit 
John Sindair says^ <* Every «ort of urine con*. 
<< tains the dssential eleineiits ef vegfetiiUes in a 
« state of solution. The urine of a horse, being 
<' so mucSi lighter, would be more valfiabl^ than 
<^ its dux^^ if both intlst be conveyed to Any ^* 
^ tanee* Hie urine of six cows, oi* horses, \HH 
^'enrich a quantity of etfrth, sufficient tot<^ 
** dress one English acre of gr^l^ land ; and ad 
^^ it would require fouf pounds worth of dung 
^* to ^perfonA the same operation, the urine q£ % 
^t cow, or horse^ is worth about twelve shil- 
** lings per annum^ allowing eight shillings^ 
<* per acre as the expense of preparing the 
'^ compost The advantages of inigskikng ^asa 
^< lands ^th cow urine almost exceeds belief* 
'< Mn Harley, of Glas^w^ (who keeps a large 
** dairy iii that town,) by using cOw urine# cute 
*^ some small fietds of grass six tinles ; dnd the 
« average of each cutting is fifteen inches ia 
«*l©ogtk'' 

In coniclnding this part of my imbject, I shall 
shortly recapitulate my observations* 



any unimai ddnfined in it, the same as it had the horses. 1 
therefore hid the fle4)r taken op^retlud, sad pMopetfy draifked; 
and the walls and ceiling, manger, cribs, &c, washed with 
quick lime '; and from that time for ten years, I never had a 
diseased horse. 

L 4 
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' It.seems to be generally admitted, that animal 
and vegetable matter must be reduced to a per- 
fectly soluble state, before it can be appropri- 
ated as food ibir plants ; and to effect this, it is 
considered necessary^ that a peifect decompo- 
sition should take place, of the substances pro- 
vided for-^his purpose, and many processes are 
noticed, by which a decomposition is effected; 
but that which is most generally considered as 
the indispensable one, is the putrefactive fer- 
mentation. There are, however, five distiiUct 
stages of fermentation described by chemists; 
namely, the saccharine, or that which changes 
coagulated mucus, or starch, into sugar; the vi- 
nous, or that which forms alcohol, or spirit, from 
sugar, and at the same time generateis carbonic 
acid ; the acetous, or that which forms vinegar 
from sugar ; the colouring, or that which con- 
verts the substance of the green indigo plant 
into blue ; and the putrefactive, which effects 
the last and complete disunion of all the com- 
ponent parts of a body ; leaving all at liberty to 
form other combinations. 

Now all the different authors appear to concur 
in the opinion, that the putrefactive ferment- 
ation is a necessary process for the reduction of 
animal and vegetable substances, to the requisite 
state of food for plants; the other different stages 
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being either oiverlooked, of considered unim-' 
portant : but in this, I thinks they egregiously 
err. 

. It is certain/ that when ammal and v^etable 
substances are left to spontaneous :decay, the 
putrefactive fermentation; must be the ultimate 
result; but it is demonstrative, that the resi- 
duum, or the matter left by completely putrefied 
animal and vegetable substances ; will not sup- 
port the vegetables cultivated by man, in a 
healthful progress to prolificacy, any more than, 
either of the simple earths : and that when 
reduced to this state, its action is merely me- 
chanical, or operative only, as it serves to temper, 
or constitute, the compost or soil. And further, 
that when in too great a proportion, in this state, 
it is injurious, as it retains water until it becomes 
in a state of stagnation ; whilst, on the contrary, 
every process that checks the putrefactive fer- 
mentation, and every operation that retards and 
dispels its effects, in and on the soil ; and the 
addition of many substances that are decidedly 
anti^putrescent, such as charcoal, alkaline salts^ 
lime, &c. and which facilitate the dispersion of 
water : add to the fertility of the soil, and in- 
crease its prolificacy. 

Thus we. find that the spreading of dung 
thinly, over, and near, the surface of the earth ; 



the repeatedly stirring and turning it Qp, and 
exposing it to the action of tfaie san^ light, and 
air ; paring and burning ; the addition of Ume^ 
and th^ calcareous and saline snbrtan«s i and, 
shove all, the production^ presence, and retan^ 
tkm of carbonic acid ; all corrdborate my pmiM 
dple9. 

And if all physiologists do ndt agree, tihiat car^ 
bmuc acid forms the productive food of plants ^ 
all accord in the doctrine, that those substancea 
which either contmn, or are capable ci pro« 
dudflg carbonic acid : are conducive to the fer« 
tility of the soil, and congenial to the health and 
irttctUication oi* plasts. t therefoare cannot but 
think the fdlowing are the true inferences; that 
in the decomposition of v^etables and animal^ 
or the preparation of the food of pknts } (so far 
£rom hastening,) every means should be adopted 
that anticipate, or precede, the putre&ctive fer« 
maitation, in the reduction of those substances 
to a soluble state; -«that vegetable substancea^ 
should be managed and disposed, so as to effect 
and encourage the saccharine fermentation to the 
utmost; before th^ are exposed to the putrefac* 
tive, -which is done by effectually diyii^ them in 
the sun and air ; — and that animal substancea 
should, as much as possible, be placed under those 
circumstances which favour the formation and 



diiffiision of nitrous salts» and that prevent the 
formation of carburetted hydrogen ; and this is 
done by mixing them with vegetable substances 
and calcaveous. earths, lime^ &c. and expo»ng 
them, as much as possible, to the action of the 
air and j^t And, above all, that 6veiy means 
be adapted to remove every tendency in the soil^ 
or the manure, to retain witer in a state of atag^ 
nation ; for those jdants which are the grand 
objects Off cultivation in hnabaadry^ will never 
grow healthy and prolific in stagnant water; 
whatever food they may be siqiplied with j nor 
will the residuum of animal dr vegetable matter, 
decompowd by putrefaction in stagnant water, 
either invigorate or sustain such vc^etables^ 
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ON THE RUST OR BLACK BLIGHT IN WHEAT- 

According to our understanding of the prin- 
ciples, which regulate and determine the prepara^ 
tion and application of the food of plants ; must 
be our notions of the diseases of plants, and our 
ideas of the best mode or course of cultivating 
them. 

A wide difference undoubtedly exists in the for- 
mation, functions, and peculiar nature of animuls ' 
and vegetables; but yet they may, in many res- 
pects, be assimilated ; and thus, by comparison, 
the proper treatment of plants be simpHfied, and 
rendered more easy of explanation and comprehen- 
sion. I shall take leave to state, that the observa- 
tion and experience of many years have convinced 
me, that the opinions of the great reformer of the 
medical profession, Mr. Abernethy — ^that the most 
afflicting diseases to which the human species 
are subjected, are generated in the stomach, and 
consequently are to be remedied by the stomach 
—are perfectly just and well founded : and I am 
also convinced, that most of the diseases of ani- 
mals and of plants, may be accounted for and 
remedied, on the same principles. From what 
has been said, it is clear, that vegetables cannot 
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be supported without a dufe supply of food ; and 
that with those, as with animals^ the quality and 
quantity of food niust possess an equal influence; 

Every man is aware, that the quality of the 
food he consumes, is equally as determined in its 
effects, as the quantity ; and such, no doubt, is 
the case with plants, as before observed. When 
an animal is constrained to live on meagre, im- 
purcifood, it is induced to consume a greater quari^ 
tity, to make iip as much as possible for the 
deficiency of quality ; and the consequence is, a 
distension of the stomach, and bowels. And this 
is ojften followed by a poverty and corruption of 
the fluids, which produces disease and debility ; 
and the body is wasted by eruptions, and becomes 
a prey to vermin. And when an animal (more par- 
ticularly during parturition) is glutted with gross 
and rich food, a surfeit is the consequence ^ and it^ 
is subjected to a stagnation of the fluids, inflam- 
mations, and eruptions; which often end in mor- 
tification and death : and plants, under the same 
circumstances, are subject to the same conse- 
quences. 

These observations will be found correctly to 
apply to, and to afford a clear exemplification of, 
the rust, or black blight, in wheat. 

On this subject, Sir John Sinclair says, " It 
" appears, from an able paper written T)y a dis- 
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<« tmgii&hed naturalist (Sir Jo6. Banks), that tldti 
^ disease is occasioned by the growdi of iniiftitie! 
M parasitical fiingiss, or mashromns, on the leaves, 
^stemsy and ghlmes, or chafl^ of tiie living 
^ plants ; and that the roots of the fungus^ inter* 
^ cepttng the sap intended by nature fot the 
f^ nutriment of the graiii, render the gridn lean 
^* and shrivelled, sokd^ in aofine cases, rob it com* 
«• pletdy of its floiir^ Nor is that all ; the straw 
'^ becomes black and rotten, unfit for fodder, dr 
^ Uttle better than a cc^t ntortuunh possessing 
<• nei^r strength or substance.*' 

Again, -^ " Sever^ of the accidents, above 
'* enumerated, nay ccmtdbiite to die production 
<< of rust ; but tfaete are two additional cirtnm- 
>< stances which IQcewise tend to promote it* 
*♦ First, *— Having the land in too rich a state for 
«* corn crofw ; and,. Secondly, -p- When too fre- 
^quent & repetition of crops of wheat takes 
« pJace.*^ 

^ It has been weE observed, diat when Crops, 
*< intended to ripen their seed, are dbijects <^ 
" culture, there is not only wanted a degree of 
^^ vigqot and luxnrianoe in the plants stsfficient 
** for tise purpose ; but if the fertility of the soil 
'* be raised to a higher pitch tihan is necessary or 
'^ cbivsistent with th«t object^ injurioiii^ rather 
^^ than beneicial consequences^may be tfaer^MH, 
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^* hamd may be too rich £or com crape^ and it is 
'^ better to keep it in a well-balanced canditkin, 
<^ or in a medium state of prodactiyenQSSb than 
<< in too fertile a state. The greater quantity of 
^* sicp and juices in vegetables^ growing on highly 
«* ciiltiYated land^ it is evident^ must necessarily 
'< render them more susceptible of the effedaxif 
<< sudden and extreme changes^ $md^ conse- 
<^ quently, more lidble to disease^ Besides, a^ 
^< mushrooms are produced on beds of dus^, 
** great quantities of manure must promote the 
^* growth of fungi, or parasitical plants, on the 
« crops of wheat, if they are once infected. The 
*^ wheat produced on the site of a dunghiU is 
^^ always rusted, even in the most favourable 
^* seasons; and if the whole field is a species of 
^ dunghill, how can it escape ?^* 

" A too firequent repetition crf^ crops of wheat, 
<' more especially when accompanied by great 
^* quantities of manure tof<H*ce a crop^ will often 
^ have the same effect. The rust was but little 
<< known in the western or the northern partfl'of 
<* England, or the southern counties of Scotland, 
" unto of late yeart^ when every exertion has 
" been made to increase the quantity of that 
^ grain/' 

Sr John Sinclair aJso says, ** Among the reme- 
^^ dies iikdy to diminl^ the efiects of this fatal 
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*< malady, the following have been particularly 
<< recommended: 1. Cultivating hardy sorts of 
"wheat; 2. Early sowing; 3. Raising early 
** varieties j 4. Thick sowing ; . 5. Changes of 
*^ seed ; 6. Consolidating the soil after sowing ; 
"7* Using saline manures; 8. Improving the 
<< course of crops ; 9* Extirpating all plants that 
" are receptacles of rust ; and, 10. Protecting 
" the ears and roots of wheat, by rye, tares, and 
** other jcrops.'* . 

And again, he says,' " It is likewise stated on the 
<< respectable authority of an eminent naturalist 
" (T. A. Knight, Esq.), that by crossing diflferent 
** varieties of whe^t, anew^ort may be produced^' 
"which wUl completely escape being ; rusted, 
" though the crops in the neighbourhc^d, and in 
" almost every district in the kingdom, may sufier 
" from it in the same year. These circumstances 
<< tend to prove, that the rust does not depend 
" solely on atmospheric influence, otherwise it 
" could not be prevented by changes; of seed, or 
** by the crossing of different varieties.*' 

This theory of Mn Knight's is like many* 
others of his, grounded on a superficial view of 
things,, and is a mere fallacious hypothesis. 

Indeed all these great naturalists appear to. 
have bewildered themselves in specious theory; 
and frpnji npf; having traced the pperatipns of 
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Mtore to its ^urce^ have ^roughout inistftken 
ihe effect for the cause. ' \ 

Suppose a farmer was to find a sheep, unhappify 
tediiced^ and preyed npcoi b^ maggtits^ or the 
larva of the flasSi-fly, be may very justly suppose 
that the maggots Deduced the riieqp j; aild iM 
jastly expect, tiiat whatever flbmp were fluhjecte4 
to the naggots^ would be rednced in the isme 
manner. Then what wouU be the best and pro* 
pa renoedy ? Knowingr iiie ma^ots to be ^ro- 
dneed fiodi eggs depooked by fliea^ would he try 1^ 
scorer hk sbeep ftom tiiefiies $ <»r attempt to drixre 
then where diere were no fltea? Where is the 
£u*meror st¥ep&erdthat4ioeehotk^ thatfleih* 
flies: v^ not dbpdsit theiit qj^t on a healthy paprt 
ai a' sheep^ j or if the^ do^ iJiat ikej wili not proi^ 
i^uce maggots P Thaey know fall well, that if e 
»fae<^ be diseaBed. by enipfioHs^ of wounded f the 
iiies^ will find out these places^ and there deposit 
tiietr egg»i and^ 1diet«&>cevtbe remedy is simf^: 
cure and present tibe disease or protect the 
wMmds, amdi tbe ^il » avoided -^^^Remefiri 
^ the cause and the dfect <^ases«'^ 

Very similar will be fixind the <&eases in 
mheMt called therost, or blade blight, and it| 

<^US€^ 

The fungcts undbubtediy pji^ys upon that 
wliich is imexyiteA to noufish. and snkstatn ;the 
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wheat;:. but whai aflforded^ an: attfaotton-i and 
lodgement for the fungus ? :This; is the grand 
question. ' .: . 

It is stated, that the fiingus is a parasiticaL 
plant, like the misIetQe, but this is not the &ct; 
the fungus hi^ no power, to attach itself to, or 
peiietrate, the healthy stalks .of the wheats an j 
more than the larva of the flesh-fly have, the 
healthy skin <)f the she^. . 
- Any one who.wiU.examine the stalks of wlteat 
growing on a luxuriant,, rank soil, at short rinter- 
vals, about the time of ifsfirst (lowing, theswdiiing 
of the ear; will perceive liieyessds to become rup- 
tured,: either from the luxuriant flow of the^sap 
up the tender tops of the plants, being checked 
by cold: winds,. or an unhealthy. overMness^ or 
some other casual obstruction ; and the sap.being 
thus suddenly checked, will rupture the. vessels, 
and ooze out through litdedits, or kmgitucUnal 
fissures ; the discharged matter will soon\assume 
the appearance of a white jelly; as it dries, ifr wiU 
bea>me yellow, and then brown, andof a hard 
texture : and in proportion as the sap^vesaels are 
injured and destroyed, and this exudation takes 
place, the plant must of course,. more or less, fail 
in its supply of nourishment to the grains In 
some cases, the jstrongest stalks will not be able 
to push the ear beyond th^ leaf, and the con 
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omsequetidy will be starved. Whilst the sesaon 
continues.dry anii cold, the exuded sap will re- 
main like dry ^m ; but as it advances, and the 
weather becomes warm and moists the gum be- 
comes motst, soft, and putr^ing ; and then 
forms, and afibrds a nutritive bed for the mould 
or fur^us; which grows and increases until 
it is deprived of moisture, or is so reduced as 
to be insufficient to sustain it» when it dies ; and 
ftocordn^ as the s^son is favourable or un-^ 
favourable to its growth, it produces a brown, ot 
black powdery substance, in a proportional quan- 
tity. Thus then f the jimTuIdthn or cause of the nust 
orjungus^- is the pMrejfjjfhig matter discharged 
Jrom the ruptured sapjvesseis of the plant : and 
althongh the ruptures^ may be occasioned by a 
contraction or obstruction of the vessels by 
atmospheric influence ;^ the overfiilhes8,'or pver^ 
luxuriance of the plant, produced by surfeit ; or 
the being glutted with rank and unwholsome 
food; and its incapacity of digestion, and un- 
heialthy obstructions; renders it more liable to 
such injuries : and may therefore be considered 
as the general cause of the disease, blight, or 

i^t-- 1: . ' ■ \ : ;* • ' . ■ : . 

I have planted wheat in a rank compost of 
dijng, which from its finit appearance in 'th« 
:ifti«eiimn, during its growth in- the Winter, and 

M « 



but "Which was uHUliately a<> reclueed by xm)^ » 
to be render^ i«^ak: md inoapaMe of bdngi^ 
itos^Qdtopfrfectkin ; fittjb« 9itin«time,^aB4Qlow 
9tcHiigs^4e; I alfio plwt«d wheftt in a pure and 
9Weet aatid» a4d ^upplM i% with a iN^tytiofi ^ 
^f^ioD «f rpliten duwg, by w$y of food ^ tWa 
lifter ajip^^^d haif ao luimriaBt ai» tb^ o^en 
but the 9ta}kt or straw gww pc«rtfectly haalthy, 
vm4 ^e Itom c}i9eia8« a^d the ^rain waaof g^ 
fuaJity, 

Tbei f^towwg ft»l»meRt by Sir Jobn Sinj^^a^* ' 
m w# an what b*> >w» »3trcw^ quoted, will in 
«vaiy Ttiqpieet be l^uvd to oorrobor^te apd 9ua* 
faiQ my obsen^atiE^i^a aiid i@^pit^ ^ 

Ue saysb *^ As Wd ill' too rich fi iM»te ia «|K tQ 
^'piwiuco iTju^t^ it i» fbqpd t9 ba^ aur ^Q^tu^ 
f^ rwia^, if previQii« tO; ^ crop of wh^ ^ 
« diHjg i9 af^pli^d to ar smothjsring crop, aa tarQ9t 
5«bea^ $M?, fedpiad aftw cftle seed, wbeatris 
•f scarcely evw knpwm to b^ i^urted. The gener 
,<< raJ^cultuFe of thaiftr^cje, and the iwe of Datdi 
<< a«bea impregxiAteid wi<^ saline m»U^r^ Aa a 
<^ in^itre, tends greatly to th^ exemption from 
<« rust, by which, wheat in Flanders is di^tva* 

<<^otatoe9, wb«n th^i eropift lai^ have tb« 
<< jwrno effect ;( m f1iiiid@>$, inhere the whai^ia. 



«< nffuer tiMMnAliy^ iijtiMd by mtt^ pMUoH ur^ 
^<x>i»ideMd initft best cokivalwd 4iBtik«'(lAie 
^ Fiys <ie Waes> w tke iHSit ^Mf ^mAm Ibr tiutt 
<» »iip. If «o<i much diMf 'ob<»iiOii tiie pnt^ 
^<{Mig»ekn^ iMfiMij^ ifiiteh ^eflre is rlM4iii fin 
«< baliM^ is 1Jb« iMMi MAPtbtting 6ttip^ 4^ 
<< exhausting and diminishing the Karmgth of 
«« tii0 ddng, mijjr take ftway tfmtteyflkleficjp/' 

Utid<Kibte(Uy thetaieSk cdt^tewi^ pMa«o^^ 
^wingMthemaHOfed soil^ tavM kedac^ if fiol 
whofty ^MMQitia^ its grdss and ovitruluxoriant 
qtliJiticM^ idd t»ii6 tmd efsposii^e, ^bot a mw4i 
eeitiplele decompositioa akid evokt/^om 6f tis 
tritiating (gffltt via^ and thus tl|e grtet cause htm§ 
nfettovedy the cxfiact aMst cease^ 
. 8if Jdim fdvihei m^ <' Mtv Kilighi is dd« 
^< cidedly of opiaioii tM the diattaae is lalbM up 
«• by tbe root, ei^^ry : cxpAidaieiit to ctinMUUii^ 
^ cate it frota th&cted atrstw te others proving 
•< iabottive^ luidiiiiptefed jf it ti^drelntroduced into 
^ ^^te 4Mr ofthe plant how coiild it ctekrend^ and 
«« inj&ct aotely theatem^ Which iathecase^ dn^ 
«< less when the disease is inveterate?^'^ 

Act t9 the fuitgns parsing, into plantt by the 
fodts» or tiej]^ pcMlBiited fion propagittng, by 
atiy bf the meantii hiero pctinlind oilt^ it appeara 
atoCMit :t6o pcepostaroo& to be aesuUfily thongkl^sff 

How dWt^uk do owhpwM^ves find itit^^ 
M 6 
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dude the seeds, ;or prevent ;the fungus, growing 
on vtheir pickles, and preserves, even by tied 
down bladdeiss and tight corks ?^ Add if;hoiBe- 
dung in amass be placed in certain sit&ations^ 
it is well Jaiown4liat even the large e<tihle musb. 
rooms will rise and grcm whare they never weie 
seen before. > 

Thus, then, if the cause, df, the rust <^ black 
blight be as I have stated, — and the observations 
both < of Sir John: Sinclair and Mr* K^ht con- 
firm my opinions, and the obseiyations <Kf. Sir 
Joseph Banks .do ,not controveit .the|n^^-^the 
remedy is simple aiad obvious : viz» for the prch 
duction of* se^ crops j let manuring)foUovW, ^p4 
not immediately precede them; or at any. rate, 
dungLi^unild not be ploughed in, on such, lands, 
imnnediately before sowing the seeds* 

And it is> equally obviouss that the ploughing 
in, green crops, must be conducive to the produce 
tion of rust And the feeding off tuimijps with 
sheep, or folding them on the land, immediatdy 
before sowing, imust have a strong tendency to 
the same e£^t 

- If, when lands are manured, two or. three 
succulent or^een crops be taken ol^ before it ia 
sown for seed^crops, although the leaf and plant,, 
or straw or haulm, of such crops may not appear 
so luxuriant, in consequence, the seed will be 
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larger in. quantity, and finer in quality. . And i^ 
in the. general course of cultivation, dutig l^ 
applied or given to the green crc^sj which pre^ 
cede the white or seed-crops, the luxuriance of 
leaf, /st?Jk,&c.: will be produced in that fonii 
which is most vahiable,- either as green' fo^d, 
turnips, &c. or hay } and the succeeding ^ain-^ 
crops would, in no respect, be diminished ; and 
thelstraw, from being free from disease, would 
be much increased in value* . ' 

From what I have stated, if two crops df 
wheat be desired in four years, the better Inocle 
of manurihg Jfor them is, to lay on the duiig the 
two first years for green crops, and take the two 
wheai*crops following, in the last two yeiQ'S; 
^here never was a more, widely mistaken notion, 
than that a supply of dung given, dne year, can 
be exhausted either in that or the following year, 
by croppiiig with^ any thing, but by burying it 
below reach , of the roots, oriso Ioa^ thlat it be-* 
comes; inert pr poisonous ; . the^ manure may be 
worse than lost. . .... 

Sir John Sinclair again very justiy observes, 
" By the impix)vements whiclr may be effected 
« by the observations of ingenious naturalists, and 
<< the experience of intelligent farmers, there is 
^* every reason to hope that the diseases of wheat 
** may, in a great measure, be so mitigated in their 

M 4 
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^.^^9» ^t th^ viU not in futtm be SAt» 
t^ naljanal calatoity. Por tfaot piupoae^ how^ 
<> «Ter» it isi oec^awry that the dUigent famec 
*« should sei;ze every opportunity of impromg 
^ bif kxiowledge i» the diseoaes of. wheat $ Bhould 
** note, down «li the chieuxortanfiM connected 
<< iid& the subject as they oocur^ md ahoald 
f< compare bis observations ivith those of otheni$ 
f < that wheth^ the caiM»8 of rust are general m 
^* locals they may aa much as possiUe be oht 
^*viated/' 

Tq this I will b^ leave'to add, ihat howeviar 
repeatedly, the diligent fanner may have been 
misled by theory, he cannot be justified in wholly 
opposing or n<^leoting science. The opinions i 
have here endeavomed to explain, are grounded 
cm demonstrative practU^al eiqo^eri^ Andaait 
is in the power of every fkrmer to make tihe samei 
demonatcatioDy I trust every one will consider 
it^ in justice, due from all, to do so^ befiorethey 
mdidge in qpeaking lightly ci them, or in tceaf^ 
ing them with neglect 
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Tbb concimiiig actu>ii of th6 principles 1 Wtf 
ha dowiv ^1 be found correctly to apply tor 
the opwation of fallowiilg^ md dearly shew the 
teal value of this process. 

In a geaetal poitit of view it ia obvious^ that 
both the advocates fi>r^ and opponents of, thef 
system «f fallowings have indulged in extremes^ 
the. former attributing effects which, under cotn^ 
]|iOQ circumstances^ it cannot produce ; and the 
latter denying those which are clearly evident* 
I shall however hope to show^ that a little gMi^ 
way on both sides, will tend imost to the }mhii(^ 
as well as private benefit* 

Sir J^n Sinclair observes, ^< Ov» the greater 
^* part of Europe, it was formerly considered tcr 
^^ be a most advantageous practice, periodically 
'< to dedicate an entice seawxi to the culTivatioft 
^< of arable land^ without raising jfrom it any 
*^ crop. It was supposedthat the es:pense would 
*^he amply compensated by the texture of the 
*^ soil being amefiorated^ by the destruction of 
<< weeds, which would be tiiM ^fectied, add by 
M the increased produce of the succeedii% crops* 
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<< But when the expenses of cultivatien were 
*' augmented, when new crops» as turnips^ were 
*< introduced, (which were favourable to die 
** process of cleaning the ground by their later 
•« period of sowing, imd the hoeing they re- 
«< quired,) and when the productions of the soil 
^* became more valuable ; it was natural for the 
** fanner, to consider whether such great.^acn- 
^ ices were really necessary, and whether fallows 
<* might not^ in' many cases, be diminished^ and 
*< in others, totally jgiven up* On this subjeb^ 
** a controversy has arisen between two sects, *-t 
^*^e fallowists and anti-fallowists, which has 
» been conducted witft much keenness and 
"energy. 

" Of late years the question at issue has been 
*« mudi narrowed. It is now admitted, that 
<< on all light soils, where the tii^nip*cultare can 
"be practised, fallows are unii^ccHSsary ; and 
" that on strong lands, under a judicious system, 
" they are ,not ^essentially necessary more than 
^ once in; the course of a rotation* The subject 
"under discussion, therefore, is reduced to this 
" short question:-— Is it for the interest. of a 
" farmer who cultr^tes cold, strong, clayey, 
" adhesive, and wet-bottomed lands, periodic 
" cally to fellow them ?" 

This is Certainly reducing theeligibility of the 



OK FAUOWIN«* 171 

practice^ to amatter of calcuhittt^n of profiit* And 
a% aftw.all» this must depeoid entirely on. the 
means of: the farmer, it may not be an unjust 
vi^w ^9f r4be subject, althou^ a very contracted 
«ie. i.'>.. .. • .,. • \,, ■■.'>..,• 

But does the operation of fidiowtng increase 
or diminish the fertility of the soil? This is the 
question undetermined, and is the .most import- 
ant mi^ and to.s<dye it, it will be necessary to 
trace the pfiierati^tMEi of chemical principle^ to 
j^actical results. 

Sir H. Bavy says,^ <^The chenncal theory, of 
^* fiJlowing is very simple. Fallowiiig alfords 
<* no new source of riches to the soil. It merely 
>' tends to produce on accumulation of decom*- 
<< pQsing matter, which^ in the common course 
** of, orops, would be employed as it is formed. 
f* And it is scarcely possible to imagine a single 
*< inat^ce of ^ cultivated soil whidi can be sup^ 
^< poisted to remain fallow fpr a year with advan* 
<* tagc to the fiutner. The ; only cases . where 
<< this practice is ben^cial, seems to be in the 
<< distraction of weeds» and for cleaning ibul 
••s<m1s." 

Again, ^< The most important protsesses for 
** improving land, are those which have been 
** already discussed, and that are founded upon 
** the circumstance of removing certain consti- 
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*^lBa&M dom the wa, « ^adding otbm^ nr 
^ i^hanging their natifra. But tiMreb an >opeia^ 
*^ turn (^ very ttidiMt pnbdice •stKl iMidh iai&> 
i'^ployed^ m which Che Mills ^q^ieied to (ke 
J< air» <iiM? submitted to processes which AttK 

''The beiiefite aiiding £rom Meiii«af Mi^ 
^ been much overrated $ a summer ftttcmv <xr a 
^ dean faDow, may be fiomelamei naeemiry ui 
«^ holds overgrown with weedi^ parttotila^ if 
*< they are lands which cannot be pared aaiid bum^ 
^^with advaiMage) but is certaiMy utipreflttble 
^< as part of a general system of hnsbandfy^ ' 

<< It has been supposed fay some writser% l&at 
** certain principles ^oec^essary toiertility aw de* 
«< rived from the atmoephei^ wfakfa aie ex^ 
** hausted by a succekion of cr<^s^ and that these 
ti are agam sopplied during the rtposeoftheland, 
^ and the expmure Of the p^veikdd soil to the 
^ influence of the air ; but this in truth is^ no^ the 
^case. The earths commonly found in ibils 
^ cannot be comlnned wkh moi<e oi^ygene ; Mine 
^ of them unite to aseote^ and such of them ^ 
*< are capable of attracting carbonic acid, ar^ 
^ always saturated with it o» those soils in which 
«* the practice offallowing is adopted^ The vague 
** ancient opinion of the use of nitre, 2ixtd of 
^ nitrous salts, in vegetation, seenxs to haive been 



^^-Qoeof thfe ptincip«l 9pact]^tive fcmend j^ Urn 

^< Nitrous salts are produced during the exfOr 
*^ WKe of soils QOBtHLmng vegetable Jind animal 
^' rwoainsy aud in greatest abundance in het 
^< Ifir^hi^r i but it i»iif obafely by the combinatiiHi 
M ^f a^vte from these rein«in$» with oxygene in 
^* the i^tpo^phemf that the acid is fc»med; and 
^ at the expanse i>f an elem^ which ol^wiae 
f < ¥fauld have fanned annnonia, the compoiind^ 
^^ of whicK ft9 }3 evid^t ^cnexi what was stated in 
^<the last tecture* are much more eflScacidua 
f* than the nitrous qempcwids in assisting vege* 
.^tatirac 

. <V Whe^ weeda aw bwied in the aoil, by their 
^* gradual decc<npoiutU«i they lumish a certaw 
.^' /{uantity of soluble mattery but it may be 
^* dQul4;ed whether there is aa much useful ma^ 
<^ nure in the land at the end of a dean fallow^ 
** as at the time the vegetablea clothing the apr^ 
'< ^e were first ploughed io» Carbonic acid gas 
/< i^ formed during the whole time by the aetipp 
'< of the vcjgetable matber upon the oxygene o£ 
** the aiTf and the greater part of it is lost to the 
" 90U in which it is formed, and dissipated in the ' 
^* atmosphere/' 

The reasoning her^ offered by Sir Humptvy 
Davy^ affords further proof of the possibility of 
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BtaggCTing even truth itself^ by a plausible theory, 
when practical observation is not brought to aid 
the judgment. 

To show the fallacy, of the objections above 
stated, kad to prdve tbiat by the operation of 
chemical principles^ fallowing must add to th^ 
fertility of the soil, we need only refer to what 
hm already been said on the nature of the food 
of plaiite : however, the mcxre clearly to establirik 
those principles which are most important, I 
shall ^deavour fiuiiier to elucidate their appli- 
cability. Admitting what Sir Humphry statea 
to be fact, *< That the earths commonly IbiMil 
** in soils cannot be combined with mete oxygene, 
<^and none of them unite wifl^ azote ;" yet' the 
remains of v^etabliss wMch are always m the soil 
may ; supeifluous 6r stagnant water may also be 
dispersed; and the formation of carburetted hy- 
drogen gas prevented : for as he further says, <*In 
^ the production of a plant from seed^ some Veser- 
" voir of nourishment is needed before the roots 
" can supply sap, and this reservoir is the cotyle- 
<< don, in which itis stored up in an insoluble form» 
*« and protected if necessary during the winter, 
^« and rendered soluble by agents which are con- 
<* standy present on the sur&ce. The change.of 
<* starch and coagulated mucilage into sugar, con* 
" nected with the absorption of oxygene^ may be 
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Vm^r cdtiipared to a process by fermentation^ 
*' than to that of respiration ; il^ is a change ef* 
\^ fected ijy^n unoiganised matter, and can be ar« 
f < tifiQiaUy unijtated; and in most of the chemical 
ff changes that occur, when vegetable comjpqtfnds 
<< are e^qmed to air 9 axygene is absorbed^ 9nd 
" carbonic acid fiHined or evolved.*' 
: Then why deny the presence or action of such 
agents, to change and prepare both organised and 
inert vegetable matter, and rendering them; so- 
luUe ; and reducing tliem to a proper state as 
food for plants; when thro\m up and exposed to 
the surface by fallowing? 

The very idea of fallowing, presupposes the 
land intended to be submitted to the opjeraticNti, 
to be charged with vegetable matter, botii orga^ 
nised and inert, by long exclusion from the action 
of the sun, . air, . and light ; and the eartii being 
turned up to ,the depth of, the fibrous roots 
pf the plants, and the plants themselves being 
severed and timied upside down, and ex- 
posed to the e£^ts of a drying sun &c., the 
vitality of the whole is (as far as can be done 
by a simple operation) destroyed, and their sub« 
stance, with that of the before, inert matter^ is 
exposed in the manner best adapted for oxydise* 
inenty or the production of sugar ; which in ^1 
cases is proved to be not only the most soluble, 
but the state most productive of carbonic acid. 
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tliM vegetable tnaCtdr can be placed itb^ 6t&t^ 
best adiqpted a» feod for plaitto ; and p^tididafl)^ 
<^ these which a^e desired to be prolific ih fptSb^ 
i^eeds, bulbs, acnd tobers. Aad as ^ sucfi an eifi 
posure to the atmosphere, producmg either mtri^ 
or ammom a ; it cWta&iIjr camot be likely, tfai^ 
lands submitted lo common cultivation, can be 
mifficietitity pr^nant with ainmal and vegetable 
fliatter to {produce dtber ; but if it do^ so, nitxe 
i9 tile mQ6t probable ; and this is constituiteS 
t6 be the most profitable i ^ nitre being com-^' 
posed of <«ygene and nitrogene, it contains one 
of the vital principles of pktiiB, aftd of which 
#iey cannot take up too much, as they possiess 
the power of e:tp^ing any superfluous qu^iityi 
But ampcronia contains nothing that a plant c^ti 
need, it being composed of hydrogene; md liii 
trogene. By a due stippjy of waiter, plants bb^ 
taitii a doe supply of hyifrogene ; and nitrogene 
hs worse than usdess, as it prodiices disesise j and 
indeed, the wise providence of nature isfeemshei^ 
distinctly displacfed, by making ammoiliacal giw 
50 much ?^ter than the atnlospheric iair, ihai it 
may as spetedily fty. oflT as it is formed. ' 

~ But whether tlrej addftiAnar fertility tbtatoed: 
by fkllowtng; can be equal to that produced bjr 
other operations^ is another question ; and hi 
indeed, one more of expediency than of scientSfie 
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dMiOnstration ; but in determining this, we must 
take into consideration an axiom, tiiat (as ha» 
been before observed) seems not to have occurred 
to Sir Humphry Davy j; viz. that planta may be 
overfed, and diseased by unwhdesome food« We 
will therefore suppose that part of a foul fields 
ev^i of a middle quality, were laid up in fallow ;,• 
and part manured, or laid down to turnips, and 
fed off with sheep ; and both ploughed without 
wy further manuring to either part, and cropped 
with wheat,*— Query, would not the quality of 
the grain and straw of the. fallow land make up 
for the difference in bulk, on the other; taking 
into consideration the casualties of rust, and 
the being lodged or blown down? and whether 
the clean state of the land after fallowing would 
not more than compensate the difference of 
profit arising &om the turnips ? 

This is the simple question at issue, and which 
cannot be fairly answered, without reference to 
the state of the land which is to be submitted to 
the operation. * If the land be foul, or full of 
v^etable matter, both organised and ineit, and 
withal stiff and wet; on the principles already ex- 
plained, fallowing must certainly be a beneficial 
operation ; but if the land be free from vegetable 
matter; the idea of increasing the fertility of the 
sc»l, by a year's exposure to the atmosphere, can- 

N 



iN>t be 0up(porte|i by ati^ ehsmcA pri^jile.^ u^k 
ean I believe it eoiiLd ever have ptave4 910^ hi 

It 18 admitted on M aides^ thtti a vegejiaibte 
¥diig destPogred and docGoofomdr and a£}a» de^ 
posited ^cm the spot where it gfev^ adds xmidi to 
the opacity of tide sodl ; and^ a^^eir ishat has^bem 
mid; a doubt can acarc^ exist whether^ if it be 
exposed in such a manner, during tiie deoompioi 
»tioni to the influence of the sun, air, andligjiii^ 
as to become duly oxydized ; it viB add mom to 
tbe ifertUity of tlie scnQ, than if it were decooapoaed 
in a sftuation immersed in watw^ m obscured 
ilhom the light, heat, and oxygene. 

The consumption of vegetablea by ammala^ 
i^ects much the sam^ change^ as eiqposare to the 
sun and air ^ that is, by favoring oxydtzement or 
hy' rendering the substioice not only more siAu^ 
ble, but reducing it to a state more r^ulilyto 
absorb oxygene ; and particularly when thed«^ 
aild urine sre united: and these changes^ aided 
by the contkiual tinrningof the soil by the (rfcm^y 
universally constitute the most efibctive opmt^ 
tions in cultivating the earth. , / 

As to tbe loss of a seasitf, and a crop of vege* 
tables, as food ibr animals^ or as manufe tothe 
land; the oii^eot of fallowing, on the prmeiples i 
have exfdaiiied, may be luUy sustained and acted 



up to^ wflbeut ttieurrifig suoh lofig; as the iiequi-' 
she aiteratioo in the vegetable matter oontamed 
in th0 iK^il, ma^ be as ^Ifectiially produced durkig 
one dry summer moiith as in twrfve. 

Any green crop, that wil admit of* being n- 
moved in the mratha of June or July, may be 
raised without detrimeo* ; tfaus^ grass, diaver, 1>^ 
tares, may be removed, dther as^ hay^ oar green 
food for cattle; or if these or other greeiis be in- 
tended as manure^ tibey slumld be cat and dried 
before they are buried or ploughed in; lot ^ u be* 
fore observe^t the operation of making grasB into 
hfiy, is the eoo^vasion of mucus into sugar; ^nd,. 
IbBe^^e, hay, as a manure, will he &und varjp> 
sttperior iii ita e£fee^ to gre^a grass. And wbosi 
Iffiid.is masmrad £>r turnips oar rape, f or feed^ 
iBg» as aprqpsRition |pr a idieat ctopj if rust or 
laying down of tlie oom be im object^ the feed 
(fot the reasoiis st^ed) may be carted off and 
eaten on eth^rlaiids^ 

Conformable to his general ootions, Sir ^> 
Davy again expresses hia dissent to the operatioa 
of fallowing. He says, *< When weeds are buried 
'^^ in the soil, by their gradual 4^BCompositi6n 
<^ tii^y fttrnah ft certain quantity of solidile mat- 
<< teri birt it may be doubted wheth^ there is as 
** nmeh useAil maimre in the land, at the end of 
<' a clean fallpw, as at the time the vegetables 

n2 
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*< clothing the surface were first ploughed in ;^^ 
but how does thb accord with his id^as on the 
effects ofparing and burning? — on the subject 
of which, he very justly, observes — " Many ob- 
«< scure causes have been refared to for the pur- 
H pose of explaining the effects of paring and 
«< burning'; but, I believe, they may be referred 
*<. entirely to the diminution of the coherence and 
^< tenacity of clays, and to the destruction of 
^' inert and useless vegetable matter, and its con- 
*« version into manure." 

I^ then, the fertilizing effects of fire be wholly 
comprised in its acting thus, as an alterative ; 
how can it be denied, that the same effbcts, 
though in a more moderate degree, are produced 
by a summer fdlow? Fire is undoubtedly a 
powerful Agent in fertflizing the land, and more 
particularly when applied to stiff wet clays. 

In 2L general point of view, I agree with Sir 
H. Davy, as to the effects of paring aiul burn- 
ing, and in many of his ideas as to the peculiar 
prindples of its operation, and particularly when 
he says, — 

«< When clay or tenacious soils are bum^ the 
** effect is of the same kind; they are brought 
^' nearer to a state analogous to that of sands.'' 

'< In the manufacture of bricks^ the general 
** p^rinciple is well illustrated ; if a piece of dry 
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'^ brick earth be applied to the tongue, it will ad- 
" here to it very strongly, in cohi^e^aence of ife 
^< power to absorb watery but after it has bebn 
" burnt, there will scarcely be a sehslUe ad- 
♦•heaon/' 

•* The process of burning renders the soil tess 
^< compact, less tenacious, ahdretentiveof moist- 
" urie; and when properly applied, may con- 
*< vert a matter that was stifiif damp, and, in 
*< consequence, cold, into one powdery^ dry, arid 
^* warm, and much more proper as a bed fot 
*• vegetable life.'* 

** The great objections made by speculative 
*< chemists to paring and burning is, that it de- 
** stroys vegetable and animal matter, of tiie 
^ manure in the soil; btit in cases in which the 
*^ tea^ture of its emrthy ingredients is pemumentl^ 
<< imprwedf there is more than a compensaHoin^ 
**Jbf this temporary disadvantage* And in some 
" smls, where thef^e is an excess o/'inert vegeta- 
<^ hisiSi MATTER, the desti^uctiou of it must be 
<< beneficial, and the carbonaceous matter re- 
<< maining in the ashes may be more useful to 
*• the crop than the vegetable fibre from which 
<* it was produced." 

As Sir Humphry very justly observe^ whe- 
dia* the operation of burning increases or iditni- 
flishefs the soluble carbonaceous matter, is c^ 

N 3 
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Uttle imporUnce^ as theise ^flEects fitre comparsu 
tivdy tmoaient ; but what is teftned the mecteu 
nical change in the textote of ihe Boi), is of the 
gi^atett iiiq)ortance^ as in this respect die hud 
may not only be considered as permanently im- 
pr<)yed9 and altered firdm that state in which it is 
at all times uncertain in its produce ^-^-capable dT 
being worked only at particular and riiort inter- 
vals) difficult and expensiHre in its prepsHiation 
for seed-crops $ and^ in general^ iQ sfiproptioted 
for feeding oattlej -^to a state iree from aUtiiose 
casual defects ; — but it is rendered lesd Capable of 
forming and retaining that enefm/ to heaitky vege- 
JMiarif sTAOfirANTT wAtj^n^ and much more capa- 
ble of receiving and applytngv th6 smrei^ <if all 
vitaKtsf andproJ^aca^ ikveget^M,, MESfir WAffilt. 
These are the great and UKXtt valuable efi^td bf 
fire^ when apfdied ^ an agent in cultlftirtion i and 
fallowing ^proaclies the nearest to fife^ in iti^ 
efiects, of any operation in agricultui^. 

It is well known^ that animuls require ft 'Cou- 
stant supply of fresh air^ to sustain a h^thy ex- 
isttoee^ and the constant sup|4y of ftfesh Watei", 
is no less essential to the hedthy existence of 
vegetables. 

The soil tod Subsoil that is constituted and 
situated the best to sustain these prindples, i& 
iSlways the most valuable f and every operation ^ 
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AniKsbatidry that is known to produce feiialsty kv 
tiie BOiil^ actfki wiifton with ihem ^ indeed, under- 
drmniiigprovei^) comparfttively» that agricultural 
|>liuitB do better without water, than When isnmer- 
«ed ifi Magiiant watery and irrigation shews, that 
wh^ rapidly dia^iig, a plaiit call 9catioe}y have 
tM iniM:h Watet. Dig^l^ and ploughing, Mid 
hieing, stirring, and turmng up thescMi j not onty 
leosenfi ike teidtu^ and Uierd>y ad^ts a inof e 
ferSbti peroolation of water; t>ut spongy vegeta- 
\Ae ^natter, that, whilst under the earth, retaias 
wMer in a state of* stagnation, is brought upon 
the surface; the unwholesome moisture evapor- 
ated, imd the substance reduced to a state mwe 
absoibeiyty but less retentive^ 

When the earth is in a prefer stafce^ or the 
soil and subsoU prq)erly constituted, ^md under 
proper circumstances ; a constant circulation ^or 
motion <^'tbe water up and down among the 
ToOt6 of vegetables, is going on; — ^thus, when )pain 
faUs ki sufficient quantity; by its gravity, it p«- 
colates and sinks through the soil. And agatii» 
<as soon as the sur&ce of the earth is^uffici^aiiy 
rarefied to pass off wlmt it re^ns in vapour, thb 
motion is reversed, and by the capillary attraction 
of the soil &e water is again raised^ and brought 
to the surface, and in its pf»sage upwards again 
comes in contact with the roots of vegetables; and 
•H 4 
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in thisf manner a continued change of water and^ 
fresh supplies of the vital principle are produ<:e4v 
It is evidently this principle which establish^ 
the greatest value of the operation of hoeing. 
And although not recognised by Jethro TuU, 
was what gave efiect to his favourite process of 
horse-hoeing. It is this also . which produced 
the increased fertility So much and so justly ex- 
tolled by Mr. Curwen, in his mode of culture^ 
that of repeatedly stirring the surface between 
the growing vegetables ; and not, as he supposisd, . 
the absorption of the volatile gas thus extricated, 
by the leaves of plants. Had Mr. Curwen *s cpii- 
ception been just, the plants at a considerable , 
distance from the loosened soil, must have been ^ 
benefited by the floating of the vapour, or gas, 
by the wind, but which I take for grapted was 
not the casjs. The fact is, clay, as sopn as, sa- 
turated with water, retains it in a state of stag- 
. Aation, to the exclusion of fresh supplies : and 
ffeus, plants growing in it, are exposed to. poiaon- 
ing atid starvation. And when the surface is 
operated upon by a drying sup, it contracts ^n^ 
opens, in large clefts or fissures, thrcnigh wbjcb 
the vapour escapes; whilst the roots are closely 
grasped in a dry massr and thus by th^ otjier ex- 
treme, the vegetable is placed in a state of starv- 
^tlQU. By repeatedly hoeing and stirring the 

14 
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surface, the adhesion is counteracted, and the 
rain-water, with the soluble manure, more per- 
fectly distributed among the roots ; and the con- 
traction of the surface in drjdng, being pre- 
vented, or the fissures and clefls being closed or 
filled up, the water raised by evaporation is 
more equally diverted among the roots. A pro- 
per attention to, and comprehension of^ those 
principles, can alone enable a person to judge of 
the eligibility of paring and burning, and to es- 
timate its probable value when applied to parti- 
cular soils. 

It is evident, that the most important and per- 
manent effects of fire consists in its imparting 
calcareous quality to the earth j it must therefore 
be as evident that soils which naturally contain a 
due proportion of calcareous iearth, such as chalk, 
limestone, marie, &c. cannot be so much im- 
proved by burning. The effect of dressing lands 
Avith lime and marie, is to r certiun degree the 
same as fire; and therefore those lands )^ly, 
which are deficient in calcareous matter cap be 
permanently benefited by the addition of those 
i^ubstances. Calcareous earths also anticipate 
the effects of putrefaction, by reducing vegetable 
and animal substances to. soluble o^^ydes, and 
thus they prevent a loss of carbon in the forma- 
tion of carbonated hydrogen gas. 
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And from th^ <ei^t of these opejratfaiis, otireir 
impditftnt eoHtdttsicHis may be drawn, vii. tiiat 
the working of the t>lough) the hot^ the harrow, 
and the roller, cannot well be overdone, duiing 
the dry weather of spring, sutnmelr, and autunm ; 
aad that it cannot be too seldom donie in wet 
weather and in wintw j as these opetatkmts, when 
the surfkce is dry, open the pores: and, when 
wet, close them. 

In all cases, where the soil is so tenacious and 
retentive of waterj as to render it necessary to 
lay the land in narrow ridges for the purpose of 
gefetmg rid oi it; iire may be applied in the man- 
ner before explained, so as to effect such an im- 
provement as Would amply repay both the land- 
lord and the tenant any expense that may be 
incurred by the operation. 

When lands are laid in narrow ridges, the best 
and most elSbctive manure, or that which is laid 
on the isurfitce, iiS washed away, and the spaces 
occupied by the furrows are wasted, and so much 
land lost. The surface-^scnl of «uch lands being 
made friable, and open in its texture, suffidently 
to admit of a free percolation of water to a proper 
depth, and well upder-drained, would not only be 
tendered more productive, but like fine sandy 
loams, it would admit <Wf worthing at all times and 
seasons. 
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I once saw a friij Itege field, of a stiff fbxy 
tiay» land Aovm to turnipi^ i one half had been 
Tedtie*d by bnrtiiligi and the other ttot : the 
part that irns burnt, Wa» dothed with a^ iivie a 
^op <tf roots, ad <ioufd be wished for; Whilst on 
the bther, the seed^ although the same in both 
<?ases, and sown at the same time, appeared to 
have &,iled, there being only a ffew thin patches 
of ptiifits^ and the cause was obvious. The 
surface of the uiibumt clay was closed^ and ren- 
dered impendous, immediately after sowing, by 
rain; but the calcination of the soil in the other, 
kept It open, and made it accessible to the air, 
which is positively necessary for the germination 
of seedi^. 

The redueittg of cky by fire^ may be con- 
^idered as the best mode of rendentog ^urfkce 
draining unnecessary. 

Sir John Sinclair, after a very comprehensive 

And minute detail of all the dififerent modes and 

leffecto of draining, very properly says in con- 

-trtusibn, « Si» sensible have landed proprietors 

** become of the deep interests they have in ex- 

** ectiting this ttio^st important species of improve- 

«* ment, on a liberal and exj:ehded scale, that it 

*• is a practice with many, to have a general plan 

" for the drainage and regular division of the 

« different farms, when their estates are newly 



188 ON FALLOWING. 

<* let; and the work is thus likely to be completed 
**in a methodical, substantial^ and permanent 
*< manner, under professed drainers, and labour- 
** ers solely employed on this essential work. 
*^ On this great scale of drainage, the connection 
** of one farm, or part of an estate, with another, 
** renders the effect more complete, and the 
** ultimate charges much less. Indeed, the te- 
^* nants are so sensible of the advantages of thi9 
^' system, that they give it a preference to 
*' having the work done at their own expense^ 
<« and in their own manner." 

And on the effects of draining, he further very 
justly observes : " On the whole, there is no 
** means by which the value of land can be ad- 
" vanced, or from which, when usefully applied, 
<< so many advantages can be derived, at a mo- 
" derate expense, as that of draining* The 
*• owner is benefited by an increase of rent j the 
" occupier by that of produce j and the public, 
«* by being thus supplied with greater quantities 
«• of the most essential commodities, and by bav- 
«• ing a source of useful employment fiirnished' 
*• to the labouring classes of the communiity/* > 
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ON THE COMPOSITION OF SOILS, AND THE 
AGENCY OF THE EARTHS IN VEGETATION. 



The surface of the earth is a variable comr 
pound, but as it respects vegetation, it is not 
necessary to pursue its analysis beyond the fol- 
lowing simple divisions, viz. calx, or the cal« 
careous; silex, or the siUceoftis; clay, or the 
argillaceous ; magnesia, or the magnesian ^ and 
oarboOy or the carbonaceous, or, as this is com- 
monly c^led, mould. 

The fmst four substances,! are what Miller 
properly c^ls the containing part, or body, bed, 
or .couch; ^nd the ^ fifth substfince or mould, 
(which is the result of decayed, auimal and ve- 
getable matter,) the part contained. 

It is clearly proved that neither of the four 
iH^HKbiRces, cal:^, clay, magnesia, or silex, in a 
simple state) whether separate or combined, ^iU 
suj^ort a plant ; and that the vegetative power of' 
every part of the earth, is deterniined by the 
quantity of mould, or animal and vegetable mat- 
ter it contains. 

On the earths, as forming a component part 
of plants, Mr. Kirwan says, ** The next most 
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<< important ingredient to the nourishment of 
" plants, is earth : and of the different earths, the 
<V calcareous seems the most necessary, as it is 
" contMiied in raui wg^ter j and absolutely speak!- 
" ing, many plants may grow without imbibing 
** amy other ; M. Ruckert is persuaded that 
^ tuth and water in prcqper portions, ftmm the 
*^ sole nuti^mciit of plants: but M. Qiobeft bsa 
^ clearly showa the eoistfary» for hwing ndxed 
^ pure earth of akim» silisz^ caloareoua eeur^, and 
^ magnoaifl, ia various proportiops^ and moist*. 
<^ «aed them witli water, he foundi t^iat no gndm. 
^ would grow in tbem ; baft y/diok mmsleMd. 
<< with mter ftow m- ikmfflM, com grew in 
^ 0mm prosperously^ henee the necesnitir di the 
<« carbQnaoeotts prineqMle is appnx&aL'^ 

He also says, <^ Earths cannot enter into 
f< plants, but in a st^te of sohiticm ; or at least 
«• only when suspended wid» water in a state of 
<* division, as mimite as if they really had been 
^ dissolved ; that edlicedus earths may be siis* ^ 
*< pended in sucb a state of division, appeiars 
<' from v^ous experiments, particularly thp»: 
<« of Bergman, who found it thm difiused in the 
** purest waters of Upsdi ; and it is equally eer* 
<< tain that it enters copiously into vegetables :' 
<' both his e:iqperiments, especially those of Macci, 
^ estabUsh this point b^ond coiMxadictian* Ar* 
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'^ gSdceous earth may also be finely difttsed, so 
^ as to paas through the best of filtres ; so may 
^' also calx, as appears from the quantity Mar-. 
^ graaf &iind in the purest rain waten" 

On this part of the subject* after reciting ai 
great number of* experimeQi;s* Sir Humphry: 
Davy observes, *< The general results of thia 
<< experiment, are very much opposed to the 
*^ idea of the composition of th^ earths by plants, 
<« firom any ctf the elements found in the atmo*. 
" sphere or the water," 

He also says, <« As the evidence on the sufa^ 
'<ject nov stands* it seems fair to conclude^^ 
<* that the different eardis aoid saline substances, 
<^ fimnd in the organa of planta, are supplied. 
•« by the soils in whidi they ^w, and in no^ 
^* oases conqposed by new arra^ements of the 
<< ekneots in air or water/' 

Here again is a great difference in the ofmim 
of those great cbeoaista^ and on a. aftost import^ 
ant point; it being admitted^ that eartjis are*, 
a necessary ingredient in the cmnpoiilion of 
plants, Ike questiml naturally adses* how, mA, 
ia what pcqp^ttumi^ and in what state, is it re<^ 
quired bjE vegetables? If Sir Humphry Davy's^ 
conehisions are just, a minute examinatimi oar^ 
analysb of aoila, would be requisite to form a 
oairect judgmentof its capacity; and to these 
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lengths he has gone, and given the ingredients 
and proportions of several fertile soils ; he hasr 
also described the method of analyzing soik; 
but the quantity of earth require by plants, for 
Uieir various compounds, is so small, as beyond 
all doubt to sustain Mr. Kirwan's opinion, that 
H is supi^ed by water. 

That the clearest spring water contains a 
quantity of earth, every person may obtain oc- 
ular demonstration of, by examining the inside 
of a tea kettle, in which water has been boiled for 
some time; the earth that will be found adhering 
to it, must have been deposited from water.. 
. Thus then, as far as the earths are concerned 
aa an article of consumption, or a necessary 
component in the food of plants, we may rest- 
satisfied with the natural composition of most 
soils, and direct our attention only to its consti^ 
tution, as it influences the absorption, retention, 
and distribution of water; and to: its chemical 
powers, in regulating and determining the ex- 
tent and effect of the di&rent fermentations, 
combinations, and decompositions, which are 
requisite for the reduction and preparation of 
&e: various substances which constitute the food 
of plants. 

If the earth was left solely to the action of 
the natural and chemical principles of affinity* 
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i^imctta^ repulsion^ &c« the ac^Hitniilation, or 
i^^a^tmtioiii jof tiie aeparate ^rknttive sub^ 
Stilmesf 07 of v^petable and animal, matter cnt 
jii9«u}d} may be too great to raise and sustein 
frib^NN^m a hsaltiiy and fhiitfiil iftate, and ftwh 
may be the cKse irifch othar:bodieS| eithei: simpte 
or combined j we therefore find that najMlto^ hsm 
prQi4^d the Hiesms <^ avertii^v those extremes, 
byrediiciag^aiid bleodin^ or mixmg tibem, aa^ 
this by .the openrtion of insects and reptiles ^ 
as faia# been beiore cdbsenred, the earth womis 
seem .peculiarly f imned &r Hoa pnrpc»e> by tlieir 
means the<d]ff(»sent mAsiyirfa vi'.chkj^ calx^ saad^ 
&Q«i are teovcared with a stratum* campouqded 
of Ihe fi»ely divided matter, of ite eQittp<m^% 
£m^»g/whait is oatted.lQaf»» or the spit $^ <^e 
Utile . cfeataf £Ai ^ in . mabJiKg^ tlNBif / paaaages; or; iu* 
roadSft have no otb^ : iMans of deaiitlg, their 
way* l^iw by ^ting the oppoaing matter^ qarryp 
iag ijt to .th$ surface and there thiic^Qg it i^^ 
hence we fin4 that every part of the glpbeitbat. 
sa^^irts vf^g«tabk» .is: furmshedt or an^redr 
ivj^an admiiilOT the difierj^tpaxtfaB^^fonii)^ 
i$g the s^t'j^f gTMter or lets d^di; and;. the 
(Ispth of thla st^um 0X: €oyeiadg» the. degree 
of concentration, and proporticm of the diifevfplt 
s«t)s^n€«9, Hhe natwe i of the substi:ata» ;a$iiit 
r^gardu the percplation androtentioii of wd^$ 
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the quantity of water supplied ; and the expo^ 
9ure to the sun, air, and light, determine the 
natural produce of the general substance or soil« 

From what is here said, so far from earth 
worms being an enemy to the farmer, they ar^ 
bis best friends ; without them his lands would 
soon become impenetrable to air or water, and 
hetice sterile and unproductive ; and it is cer<^ 
tain earth worms never wound, or prey upon 
the sound or Kving parts of seeds, roots, ot 
plants. 

As Mr. Kirwan observes, the calcareous earths 
seem to be the most necessary as a component 
part of thd food of plants; from its peculiar 
chemical powers, it i$ also most necessary as an 
operative agent in the preparation and reductkm 
of animal and vegetable substances, and in due 
proportion, it is also well adapted to te^nder the 
other more tenacious substances yermeslbi^ to 
water and air, all which have been bd&re ex- 
plained. 

But thait state) in which the operation of thd 
calcareous earths have been found to be the 
most powerflil, is lime* This singular substance 
is never found in a native ^tatej but from the 
Eomplidty of its formation, and very extraor- 
dinary powers, its uses and application in the 
aits is most exteni^ve, and perhaps, no produc- 
tion, from its universal adaptation, ever obtained 
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or deserved more attention from the chemiists ; ' 
but I very much doubt whether any person has* - 
yet been able to give a demonstrative definition 
of the principles of its various action. 

The application of lime in agriculture has' 
been justly described to have rendered sterile 
lands fertile, and fertile lands sterile. To speak* 
of it, therefore, as a manure, is evidently absurd* 
and calculated to mislead. The meaning of the* 
term alterative, as it is used in medicine, is ge* 
nerally understood, and this app^urs to me to be' 
the proper denomination for lime, when applied 
to the cultivation of land. 

Sir Humphry Davy, has given a clear and 
nnnute detail of the component parts of the 
basis of lime, or lime^stone, and of the chemical 
prindpies of its formation and action; but either 
from a want of a more marked distinction be«i 
tween the effects of quick lime and slacked lime, 
or from some other cause, his observations, by 
no means accord with mine. 

He sayiG^ «< X^ime foTm$ a kind of insoluble 
cisoap with oily matters, and then gradually 
<^ di^con^oses them by separating from them 
^^ bxygene siid carbon ; it tends to diminish, 
x« ij^ewise, tke nutritive powers of albumen &om 
>* the same causes, and always destroys, to er 
« dertala extent, the efficacy of animal manures, 

o 2 
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«« either by combining with certain of their ele- 
** ments, or by giving to them new arrange- 
^ thents.' Lime should never be applied with 
<* animal manures, unless they are too rich, or 
« for the purposes of preventing noxious eflSii- 
^ via; as in certain cases mentioned in the Isist 
** lecture^ it is injurious when mixed with any 
•* common durig, and tends to render the extrac- 
•* tive -matter insoluble.'* 

Now, as I have before observed, I have mixed 
the crassamentum, or clotted part of blood, with 
fuick Umej which formed a kind of insohiUe 
«oap, and was therefore inapplicable as food for 
plants ; but mixed with slacked Urhe it formed a 
perfectly ^5ofeJfe soap, and thus rendered the 
albumen immediately applicable and inodorous,' 
which ieft to itself could not have become so, 
until it had undergone the putrefective ferment- 
ation, and have thus generated and diffiised a 
most noiious effluvia. 

He again says, ^< In those cases in whidi fer- 
<< mentiition is uiseful to produce nutriment from 
"vegetable substances, lime is always effica- 
** cibus/* Now in the experiment I have just 
explained, it prevented the fermentation, and I 
have always found this to be its pecuKar pro- 
perty. 

Parkes says, « It appears from several late 
** experiments carefully made, that sugar is com- 
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<^ posed ^itirdy of hydrogene» oxygen, md car- 
*^ bon. , .Mr. Cruikshank made many expeii- 
>< ments on fermentation, and iavariably found 
<< that whenever he added a fourth substance to 
^<^ the three which compose saccharine matter, no 
<^ fermentation took place ; ?ie tried Ume^ and at 
.*.< another time a small quantity of potash, and 
"the additipn of either j?rw^»fc(/ 7&rmew/fltfion/' 

Sir Humphry Davy also says, " Quick lime 
^< in its pure state, whether in powder or dis^ 
<< solved in water, is injurious to plants.'* 

I have found slacked Kme, when sown or 
spread over plants of aU kinds and stages of 
growth, to destroy slugs, effectually perform this, 
and without in the least injuring the plants. 

As it must appear from these observaticms, 
that I cannot practically and beneficially, further 
apply the inferences of Sir Humphry Davy, 
regarding the uses of lime in agriculture; I shall 
not obtrude any further remarks on his ideas 
.cm the sulgect ; but shall give an extract from 
the Encyclopaedia Britannica, which appears to 
me, to be more clearly, if not correctly, explan- 
atory of the uses and effects of lime in agri- 
culture : but even this author, seems either not 
to have understood the principles of the action 
of lime, or to have erroneously described them. 
He speaks of lime as a septk^ and of its assisting 

o 3 
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.and hastening putrefaction ; but as before Aowir^ 
lime possesses a directly opp6site quality; k mat 
only prevents, but arrets putrefaction, and is 
therefore in fact, antiseptic ; and it is the aoti(m 
of this principle which renders s(h1s prolific. 
Xitne isv certainly, a most powerful agent in the 
decoibpositioii of animal and vegetable matter, 
but it is on a principle more analogous to that 
of fire } as in the instances before stated^ it not 
only prevents the effects of patrefaction, whidh 
are obnoxious to vegetables, but it accelerates^^ 
the formation of those compounds which are 
essential to fertility. 

It is stated in the Encyclopaedia Brita2intc% 
" Where the ground has been suffered to remain 
*< uncultivated for many ages, producing all 
<< that titne succutent plants, which are easily 
*< putrefied^ and trees, the leaves of which, like^ 
^ wise contribute to enrich the ground^ by ^eir 
<* falling off and mixing with it, tl^ sk^I wiU in a 
" manner be totally made up of pure vegetable 
*< earth, and foe the richest when cultivated, that 
" can be imagined^ Thi^ Was the case with the 
^< lands of America ; they had remmned unculti^ 
^ vated perhaps since the- creadon, and were 
** endowed with an extraordinary degree of fer-t 
**tility; nevertheless, we are assured by one 
^* who went to America^, in ocder to |Hiirchas<t 
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*'knds there, th&t such grounds as had been 
" long cultivated, were so much exhausted, as 
" to h^ worse than the generality of ground in 
** this country. Here then we have an example 
** of one species of poor soil, namely, one that 
^ h^ been formerly very rich, but has been 
•* dlq)rived by repeated cropping, of the greatest 
** part of vegetable food it contained. The 
f* fiaamtr who is in possession of such ground, 
•^ would no doubt willingly restore it to it* 
*^ Ibntier state ; the present question is, what 
^*mast be done in order to obtain this 'end? 
^* We have mentioned several kinds of manut^s, 
^ which long practice has recommended as sef* 
** viCeaiU^ for improving ground. We shall sup^ 
<< pose the farmer tries lime m chalk ; for, as has 
«^ beeii seen, their operations upon the soil mtist 
^*he priscisdy the same. This substance being 
*'^ id' a septic nature, will act upon sudi parts of 
" the soil as are not putrefied or but impafectly 
** so ; in consequence erf' which, the fermer will 
V reap a bett^ crop than fotmerly. The sep- 
« tk nature of the liaabc is not altered by any 
** length of time^ in ploughing the ground the 
^ lime is more and more perfectiy mixed with 
<« it, and gradually exerts its power on evety 
•* putrescible matter it touches. As long tis 
** any matter of this kind remains^ the farmer 
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'* \nll reap good crops ; but wken the putres- 
f'cible matter is ail exhausted^ the ground then 
f< bfecofoes perfectly barren, and the* caustic 
!< qualities of the lime are most unjustly blamed 
^ for burning the ground, and reducing it to a 
^^ caput mortuum ; while it is plain, the lime has 
^* only done its office, and made the soil yield 
f < all that it was capable of yidding. 
/ <* When ground has been long uncultivated^ 
'^producmg all the time plants not succulent^ 
<* but such as are very difficultly dissolved, and 
M in a mam^r incapable of putrefaction, there 
^< the soil will be excessively barren, and yield 
f^ very scanty crops, though cultivated with the 
^* greatest care. Of this kind are those lands 
^* covered with heath, which are found to be 
f < the most barren of any, and the most difficultly 
«< brought to yield good crops In this jcase 
^< lime will be as serviceable as it was detri-^ 
^< mental in the other ; for by its ^/JequaUtiei^ 
.^* it will continually reduce more and more of 
<< the soil to a putrid state^ and thus there will 
f* be a constant succession of better and better 
<* crops, by the continual use of lime, when the 
^* quantity first laid on has exerted all its force* 
^< By a continued use of this manure, the ground 
f • will be gradually brought nearer and nearer 
t^ tP the nature of garden mould, and no doubt^ 

li 
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^<by proper care, might be made as good as 
*^ any : but it will be as great a mistake to ima- 
^* gin^ that by the use of lime this kind of 
^' soil may be rendered perpetually fertile, as to 
^tiiink that the other was naturally so; for 
^< though lime enriches the soU, it does so, not 
** by adding vegetable food to it, but by pre- 
** paring what it already contains ; and when all 
" U properly prepared, it must as certainly be 
^* exhausted as in the other case. 

" Here then we have examples of two kuids of 
«« poor soils ; one of which is totally destroyed, 
«* the other greatly improved by limej ^nd 
^•* which therefore require very different manures : 
** lime beiBg more proper for the last than dung, 
^' while dung being more proper to restore an 
^< exhausted soil than Eme, ought only to be 
<< used for the first. Beside dunging land which 
*^ has been exhausted by long cropping, it is of 

^ .« great service to let it lie fidlow for some time j 
<< for to this it owed its original fertility, and 
<< what gave the fertility originally cannot fail 
** to restore it in some degree. 

<* By attending to the distinctions between 

• ^* the reasons for the poverty of Ihe two soils 
'< just now mentioned, we shall always be able 
<* to judge with certainty, in what cases lime is 
^ to be used, and when dung is proper. The 
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** mtate poverty of a soil is not a criterion wbe^e^ 
** by we €^ judge ; we must consider what hath 
*< niade it poon If it is naturally s6^ we msty 
^< almost infallibly conclude that it will becmne 
*^ better by being manured with. lime. If it is 
*< ar^iciaUy poor, or exhausted by continual 
^ cropping, we may conclude that lime will eti- 
•< tirely destroy it We apprehend that it is this 
*• natural kind of poverty only, which Mr. An- 
'' derson says in his Essays on Agriculture^ may 
** be remedied by lime 5 ibr we can scarce think 
^* that experience would direct any person to 
^ put lime upon land already exhausted. His 
<< words are, ^Cdcareous matters act as powers 
'^ fully upon land that is natur^ly poor, b& upon 
*^ land that is more richly impregnated with 
^ those substances that tend to produce a 
<< luxuriant vegetitiori. Writers oh agriculture 
*^ have long been in the custom of* dividing iha- 
<^ nures into two classes; vis. entkhing manures, 
*< or those that tended directly to i^nder the 
^* soil nwre prolific, however stetile it may be; 
<< among the foremost o£ whidh was dung t 
«< ^xdting manures, or those tiiat weare sufiposed 
^ to have a tendency to render the soil idore 
^* proliific, merely by acting upon tbose enriching 
*^ manures that had been formeriy in the soiV 
*< and giving them a new stimulus, so as to en^ 



Hil t^ COMPOftiTlON OF SOILS, kc. 308 

^' abte them to operMe anew upon diat aoil tirhich 
** they had formerly fertilised, in which dass 6f 
*< stimulatitig manures^ &nc was always alhw^d 
<< to hold the foremost plaoife^ 

<' In consequence of this theory, it would 
** follow that Mme could only be c^ use as a ma« 
Z^'Rure when applied to ridi soils, and when 
*i applied to poor soils wocdd produce hardly 
^ any^ oar even perhaps dcmhtful effects^ 

<< I will frankly acknowledge, that I myself 
<< was so far imposed upon by the t>eauty of this 
'^ tb^ory^ as to be hurried al^mg with the general 
<* i^urrentofmankind, in the firm persuasion of the 
^^ tSruth of this observation^ and for many years 
^< did not sufficiently advert to those l^cts that 
*< were daily occurring to contradict this theory. 
^* I am wafw, how^dver) firmly convinced from re- 
^ peaited observation^ that lime and other cat- 
*^ carmtis manures produce a much jgreMer 
*^ pn^sortional inqirovement upon poor soils, 
<^ ^an such ad sore richer; And that lime done 
'^ upon a poor soil, will, in many cases^ produce 
^< a muefa greater and more lasting degree of 
^ jfortihty than dung alone*' 

" Thus far Mr. Anderson's theory is exactly 
" conformable to the theory we have laid down, 
" and what ought to happen according to our . 
^•principles. He mentions, however, some 
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** &LCts which seem very strongly to militate 
^< against it, and, indeed, he himself seems to 
f* proceed upon a theory altogether difierent. ' 

<< Calcareous matters alone (says he) is not 
^< capable . of rearing plants to perfk^tion : 
** mould is necessary to mix with it in certain 
*« proportions, before it can form a proper soil. 
^* It remains, however, to be determined what is 
«< the due proportion of these ii^edients for 
^* forming a proper soil. , 

f< We know that neither chalky nor marl, nor 
^^liine, can be made to nourish plants alone; 
*^ and soils are sometimes found that abound with 
'* the two first of these to sc faully d^ee, but 
<< the proportion of calcareous matter in these 
f* is so much larger than could ever be produced 
^ by art, where the soil is naturally destitute of 
^ these substances, that there seems to be no 
<< danger of erring on tiiat side. Probably it 
*< would be much easier to correct the^d^ects of 
<* those soils in which calcareous matters super- 
" abound, by driving earth upon them as .manure, 
<< than is generally imagined; as a^ very small 
** proportion of it sometimes affords a very per- 
" feet soil. I shall illustrate my meaning by a 
** few examples. 

" Near Sandside, in the county of Caithness, 
^* there is a pretty extensive plain on the sea- 
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'' coast, endowed with a most singular degree 
<< of fertility. In all seascms it produces a most 
« luxuriant herbage, although it never got any 
<< manure since the creation, and has been for 
^' time inunemorial subjected to the following 
" course of crops. 

^' 1* Bear after once ploughing, from grass, 
" usually a good crop. 

^< S, Bear, after once ploughing, a better 
«* crop than the first 

^* 3. Bear, after once ploughing, a crc^ 
*< equal to the first. 

^<4. 5. and 6* Natural grass, as close and 
<^ rich as could be imagined, might be cut if 
** the possessor so indined, and would yield an 
<* extraordinary crop of hay each year : after 
*< this the same course of croppmg is renewed. . 

<* The soil that admits of this singular mode 
<* of fiuming, appears to be a pure incoherent 
*< sand, destitute of the smallest particle of ve- 
<*getable mould; but upon examination it is 
<* found to consist almost entirely of broken 
<* shells ; the fine mould here, bears such a small 
<* proportion to the calcareous matter, as to be 
"scarcely perceptible, and yet it forms the 
*« most fertile soil that ever I yet met with." 

The writer of this article in the Encyclopae- 
dia accounts for this fertility, by supposing that 
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from its vicinity to the sea, it derives its prolific 
powers from the salt wa^er ; but by adverting tdr 
the principles I have laid down, a mudi more 
probable arrangement and ccMicdbiaation may be 
su^ested. In the first place, we may suppose 
that the mechanical texture of the soil and sub- 
soil i^ fliaeh, and so situated, as not only to 
di>tain a supply of fresh witcr, but to admit of, 
and facMitate, a eoqstantly ascending and de- 
scending motion of such water; and that its 
ehemicaJ constitution is such, as to facilitate the 
decomposition and reduction of the roots, leaves, 
and stalks of the vegetables, regularly deprived 
c^ life, to a wluble state, without the process of 
putmfiwfimy and iU consequent loss in car- 
buratted hydrogene gas, &q. 

All calcareous earths may alike possess anti- 
septic powers, but all do not possess the capa- 
city of operating so effectually as that here de- 
scribed, to supply the requisite m^on, change, 
and quantity of watiHr, by percolation and capil- 
lary attraction^ and consequently no other can be 
eqmi in it» fertility* 

Sir H. Davy has given a minute analy«^ ajad 
description of aUnogt every kind of soil, and 
explained the n^e^^ns of chemical investigi^ion; 
Bttt as, I think, what has been, said will be suffi. 
cient to e^iable every person to fbrm a pretty 
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correct judgment of the cs^iacity and constitu- 
tion of soils, as adapted t6 the general purposes 
of husbandry ; I shall not enter more particu- 
larly on thi» part of the subject, but must refer 
those who wish for such information, to his work 
m Jl|;riciiltur^l phemistry. 
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ON HAYMAKING. 

Having observed that in a season when there 
was no rain whatever, and the hay had been 
made with rapidity, and carted within a short 
time after it had been cut, that a greater quan- 
tity was destroyed and injured, by being over- 
heated and burnt, than in a catching irregular 
season ; that when hay had not heated in the 
stack it was frequently mouldy; that as hay lost 
its native green colour and approached a 
brown, it lost its nutritive qualities; and that alto- 
gether, the making of hay, as usually conducted, 
was a very precarious and teasing operation : I 
determined on trying to arrange a system on 
some more regular and certain principles, in 
which I succeeded ; and by adopting a certain 
and regular course of operations, was enabled 
to make my hay of a uniform good quality; and, 
let the weather be as it might, at a regular ex- 
pense of labour. And considering such a pro- 
cess not only of importance, as it ensures a 
more perfect quality; but as it affords a more 
certain protection against the injuries usually 
consequent on the uncertainty of the weather. 
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and overheating in the stack; land that it thus 
remoi^es two gp^at causes of anxiety, it may be 
well worth the public attention. 

In the first place^ as to the state of the wea-* 
then it generally happens at this season of the 
year^ that there are three or four days rain and 
three or four days dryj therefore/ on beginning 
to cut the grass, as it is wdl known that during 
wet weather grass may be cut, and suffered to 
remain in the sw£Uth for several days without 
injury j and it being dearable^ where hands are 
plenty, to have a good quantity, or as much as 
will complete a stack in a day, in the same 
state of forwardness $ I should prefer beginning 
to cut during the rainy weather : however, be 
this as it may, the swarths should not be opened 
but on a certain fine day; and when this is 
done, the grass should be well shaken apart and 
equally spread over the ground. As soon as the 
upper surface is dry, turn it well over ; and in 
this operation, great care should be taken to 
open and spread any cocks that may not have 
been divided in the first opening. This being 
done, commence raking into wind-rows in time, 
that the whole may be made into small cocks 
before night. The second day these cocks must 
remain untouched^ let the weather be wet or dry: 
the third day, if the weather be certain and 
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fine^ throw the cocks open ; but if the weather 
be wet or threatening, they may remain wl^ 
other day, or until the weather is certain to be 
fine for the day. The cocks shoidd then be 
thrown, according to the crop, into beds of twa 
or three rows; and after three or four hours' ex- 
posure; turned over ; and taking time to gather 
the wJtole into wind-rows and cocks before nighty 
let this operation commence accordingly, fl»irf 
none be left open: the day after this, which in 
fine weather will be the fourth ; the cocks must 
again remain untouched, or not be opened, ixke-^ 
ther the weath^ be wet or dry^ On the fifth, or 
the next diy day, these cocks will only require 
to be.q)ened for an hour or two, when they will 
be fit for the stack. The novelty of this mode 
consists only in sufiering the hay to remain in 
cock, the second and third, or alternate days; 
and at first sight it may appear that so much 
tii!lae in fine weather must be lost, but this ia 
not the case. Whilst the hay remains in cocks, a 
slight fermentation,^ or what is^ termed sweating, 
will take place; and in consequence, after it ha& 
been opened on the third and fifth days, it will 
prove to be just as forward as if it had been 
worked every day* And the advantages result- 
ing from this, are obviously the following : — ^by 
shortening the time of open exposurcji the co^ 
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lour of the hay is more perfectly preserved, and 
consequently the quality; and the ferment- 
ations, or sweating, which take place in the 
cocks, prove so much to have diminished that 
principle, or incUnation, as to prevent its heat* 
ing injuriously in the stack} and the whole 
Operation of making, whether it takes four days 
or eight, requires three days' labour only ; and 
the hay being left in that state every night, in 
which it is the least possibly exposed to the in-» 
juries of the weather, and in which it may re- 
main for a day or two in uncertain weather, 
without injurious exposure ; much painful anxi- 
ety, and useless attendance of labourers, arQ 
obviated. k 
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ON PLANTING ORCHARDS AND MAKING CIDER. 

By introducing the subject of cider, my ob- 
ject is not to enter into the history of the apple, 
nor to discuss the' merits of the different modes 
of making cider, nor io describe the vast variety 
of cider fhiit j but knowing that certadn preju* 
dices and erroneous opinions exist, that much 
depreciate the value of that, which, when weJI 
made, is a wholesome and delicious liquor ; and 
tiiat such i»re|udices and opinions absolutely de^ 
prive many districts of the profit and pleasure, 
resulting from the growing and making good 
cider; I entertain the hope of being able to 
state such observations and facts, as will assist in 
removing those obstacles. 

In the first place, it is^ a general opinion thai 
the soil of those districts that are famous for 
good cider, such as Devonshire, Herefordshire, 
Somersetshire, &c. is the grand cause of the 
superiority of their productions ^ but this is an 
egregious error; it is by no means the case: the 
soil has little effect oa the quality of the cider ; 
as it is well known that in those counties, cele- 
brated for good cider, the prime ciders are 
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pf oduced OQ aoila of directly i^posite quidities^ 
However^ to convince my neighbours of Wilt- 
shireii that the cause of their inferiority was in 
their bad assortment of apples^ and not in their 
soil or climate ; I, many years since, selected 
some apples of the sort thare called the cf^ 
berry, which grew in a very poor, shallow, 
black, gravelly soil, resting on a chalk subsoiil:; 
^nd made dd^ &om them; and this cide? 
proved, and was allowed by many good judges 
who tasted it, to be as rich, stroii^ and jfldl« 
bodied, as any that grew on the ric^st lands, 
or most iamoos. districts. I also gathered firom 
one tree of the sort called the golden ducat, 
growing on a soil of the same descriptioc^ fort^ 
bushels of apples, and these were made into 
cider, which, like the apple Usek^ proved to be a 
brilliant, sparkling, delicious, vinous liquor. In 
the same orchard the greater part of the apples 
were of the worst sorts, green, tim and sour ; 
and when mixed, made a thin sour cider. I 
also, by way of demonstration, made cider from 
various other fruits separately, and amo^g the 
rest, of a green hard appl^ called the stone 
pippin, which being well known to keep well, 
and 0fter long keeping, to ameliorate and foe« 
come palatable ; I wished to prove if the cider 
also would improve by keeping : which it did 
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not» biit was always like the apple, thin and aoun 
Hence it must be obvious, that as fiir as the soil 
is concerned, the same sorts of aj^les grown in 
toy part of the kingdom, will produce cider of 
equally good quality; indeed; every person 
knows that a nonpareil is a nonparei], and a 
golden pippin, a golden pippin, in all places 
alike ; tiie only difference that can arise in the 
soil, is in the supply of moisture and manure; 
the greater the supply of these the greater may 
be the quantity ; but the quality will be more 
aqueous, and of course less valuable. The quality 
will be chiefly influenced by the climate and 
exposure, as it may affect the ripening, for the 
riper and dryer the fruit, the richer and more 
spirituous the cider ; and these things vary in 
their efifect on apples, as much in one county 
as another. 

Anodier very prevailing opinion is, that a 
good eating apple cannot be a good cider apple; 
and that a good cider apple is liot to be selected 
by its taste, or effect on the palate ; but this is 
equally erroneous. A person may not be able to 
ascertain the exact specific gravity of the juice 
of an apple by his palate; but the general 
character of an apple may be correctly ascer- 
tained; and the character or qualities of the 
cider, will always be found tp prove very nearly 
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the same as the apple. Thus, a rough sweet 
apple willgivearoiigh sweet cider; a thin sweet 
apple, a thin sweet cider; and an acid and sour 
apple, an acid and sour cider ; but generally, the 
rough asperity of an apple and the aromatic 
flavor will remain in the pulp, or pass off in fer- 
mentation. Another erroneous opinion is also 
very generally prevalent, that a mixture of 
apples makes the best cider ; but as a general 
propi^sition, a simple view of the thing must 
show its absurdity. If there be a good cider 
apple, and a bad cider apple ; how can an union 
of the bad, make the good better? The fact 
is, fermentation possesses the greatest influence 
in determining the quality of the cider; and it 
is a law of nature, that without a perfect vinous 
fermentation, there cannot be a perfect vinous 
liquor. Now it is well known, that two sorts of 
apples may be selected, tlie juice of one of which 
will commence fermenting in two or three days, 
and that of the other, not in less than eight or 
ten days. It must then be obvious, that as the 
early fermentation of the one, will force the 
backwardness of the other, and the ]ate fer- 
menting will check and retard the early, there 
can be no perfect fermentation with either ; and 
consequently no perfect vinous liquor : and 
this principle will undoubtedly operate, with 
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the fruit ftom the same tree^ as some must 
unavoidably be better ripened than others ; and 
tiierefore, in this case, if the ripest were selected 
and separately made into cider, the quality 
would prove superior to that made of those that 
were less ripe, or if made together. After cider 
is made, indeed, it may, by mixing, be made 
more suitable for peculiar, or general purposes, 
and thus be said to be better for mixing; but 
mixing the apples must be a pernicious and un« 
profitable practice. 

The science of fermentation is most important 
to all who ipake cider, or wine, or beer; and 
those who wish for information on this subject, 
may find it in a valuable little book, by Mac- 
cuUock on wines. 

The health, duration, and prolificacy of apple* 
trees, as well as all other fruit-trees, are more 
dependent upon the subsoil than the surfiice^ 
soil ; in planting trees, therefore, this- requires 
more attention than is generally given to it 
Healthy and prolific apple-trees will seldom be 
found where the subsoil is of a cold, tenacious, 
wet, and stagnating quality ; and whatever may 
be the nature of the surface-soil during very dry 
summers, the roots in search of water will delve 
deep into the subsoil, and having penetrated, 
however low, there they must remain j they 
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cannot get back again* In all cases, food se- 
lected deep in the soil, is aqueous and unwhole^^ 
some ; and if the water be stagnant, the roots 
canker and rot in the winter, which vitiates the 
sap, and thus the tree becomes cankered and dis- 
eased; and a tree thus situated, although it m&y 
for the few first year$ produce fine fruit, and 
afterwards, generally produce strong fine shoots 
in the summer, these wiU become diseased, and 
often die in the winter or spring. The fruit, 
also, when a tree is in this state, is generally 
vapid and imperfect, and a crop very un- 
certain. 

In planting orchards, thereforei it will be 
necessary, to ensure success, or permanent 
and progressive prolificacy; to guard against 
those casualties, by underdraining and supplying 
water on the surface, during very dry weathen 
But the most effectual mode will be^ in improper 
subsoils, to form an artificial rock, as a founds 
ation on which to plant the trees, about a foot or 
a foot and a half underneath the surface of the 
soil, which may be easily done by removing the 
soil to the required depth, and laying a kind of 
floor of stones, bricks, tiles, or slates, taking 
care that the joints be well closed or stopped 
with cement, that the roots may not penetrate, 
as a tree extends its roc^, even farther than its 
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branches. To make the foundation quite per- 
fect may be expensive, but it must be considered, 
that the work thus done is for ever done ; it will 
not require repairing : and the additional proli- 
ficacy of the trees, their healthy duration, and 
the superior quality of the fruit, will make an 
ample return. However, where the expense of 
paving to a fiill extent cannot be afforded, even 
three or four feet square immediately under the 
tree, will be a great protection : it will, at any 
rate, give a right direction to the roots in their 
&st outset, and prevent the formation of tap- 
roots, which are bad things in fruit-trees. 

As the figure of a tree, or its shape and form, 
determines its powers of sustaining weights on 
its branches, and of resisting the wind; and its 
prolificacy^ in a great measure, depends on the 
due and regular expansion and exposure of its 
branches equally to the influence of the sun 
and air, this should be attended to on its first 
formation or grafting. And if the following par- 
ticulars in the mode of managing it are attended 
to, they will be found to produce a tree of that 
shape and strength, that will be equal, in every 
respect, to its wants. 

Whether the tree be intended to be raised by 
inserting the graft near the ground, or at a suffi- 
cient height to. form a headj only one graft 



AND MAKIKG ClDER. 219 

Should be permitted to remain ; and this should 
be trained up, with a single stem, to the utmo^ 
height of its growth, and never stopM or cut 
back. The horizontal branches or head will then 
be found to form itself, by pushing out shoots 
immediately around the pomt of the year's per* 
pendicular shoot or stem; and as this will be 
long or short, according to the soil and situation, 
the horizontal tiers of branches will be at pro- 
portional and proper distances ; and thus the tree 
will aissum^ the shape and growth of the fir or the 
wild cherry-tree. If any irregular shoots should 
push out on the sides of the stem, or too many 
iiorizontals, they may be removed. And if the 
perpendicular stem or leading shoot should be 
destroyed, one of the horizontals may be fixed 
up perpendicularly to fill its place, which it will 
soon do, and the knife will not be required to 
be used for any other purpose^ A tree formed 
•in this manner, will apply all the sap furnished 
by the roots to a profitable purpose j and as it 
will never be headed, or cutback, its progressive 
or annual increase will be effective. And, as I 
have before observed, it being a law of nature, 
that no tree shall bear fruit until it has obtained 
a surface of stalk, branches, and leaves, propor- 
tioned to the food it takes up, this law will be 
fully supported ; and the tree will attain the 
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fructiferous state at the earliest possible period. 
The practice of cutting back trees, or topping 
off and shortening the branches, for the purpose 
of increasing its prolificacy, or of making it more 
healthy and strong, or of preventing prematura 
exhaustion, is founded on a most egregious 
error. Whilst the roots grow unchecked, they 
will continue to collect and supply the same 
quantity of food, whether a tree be permitted to 
assume its natural figure, and to extend itself in 
a proper direction j or whether the branches be 
shortened every year, and it be thus compelled 
to form them in useless, shapeless clusters ; the 
cutting back, therefore, cannot prevent the tree 
exhausting itself, or the soil it grows in. And 
can it be supposed any one will hesitate which 
to choose, — wheAer the food collected by the 
roots shall be appropriated in the production of 
fruit } or that of forming useless branches to be 
cut off and thrown away j or if suffered to re- 
main, to overshadow and smother each other ? 



THE END. 
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